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ABSTRACT
ASSESSING THE ROLE OF ATTENTIONAL PROCESSES IN
THE PLANNING AND EXECUTION OF A REACH
MAY 1999
LAURA P. O'SULLIVAN, B.S., TRINITY COLLEGE
M.S., UNIVERSFFY OF MASSACHUSETTS AMHERST
Directed by: Professor Neil E. Berthier
The development of reaching has been characterized by two different
hypotheses, von Hofsten (1993), argues that reaching is a cognitive task
requiring planning and cognitive monitoring. Thelen, Corbetta, Kamm,
Spencer, Schneider, and Zernicke (1993), however, propose that reaching
results from combining and triggering motor patterns, based upon an
individual's dynamical capacities and the requirements of the task, without
the need for planning and monitoring.
In order to differentiate between these two hypotheses, we examined
infant attentional behavior using video and heart rate analysis. Because
different attentional levels are accompanied by alterations in behavior and
physiology, such an assessment provides insight into the attentional load
placed upon an infant during reaching.
Twenty infants with a mean age of seven months, fifteen days,
participated in this study. The experiment consisted of the presentation of a
small toy via a computer controlled stepper motor. Two different trial types
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were presented, reaching trials and looking trials. During reaching trials, the
toy was presented within reach of the infant, while during looking trials it
stopped at a distance.
We hypothesized that if reaching simply requires triggering motor
plans, cognitive demands would be low due to the absence of planning and
monitoring. As a result, heart rate would not differ substantially between the
two trial types, since they would both require similar attentional levels. If,
however, reaching requires preplanning and monitoring, we expected that
attentional demands would be high, producing a greater reduction in heart
rate during reaching trials than during looking trials.
Infants looked with comparable latencies on looking and reaching
trials, but the mean look length times for the two trial types differed
considerably. Heart rates were comparable prior to orientation to the toy and
decreased within three seconds of look onset for both trial types. On looking
trials, heart rates returned to baseline coincident with look termination, but
heart rate did not return to baseline until two seconds after the completion of
the reach on reaching trials.
This data, in which heart rate dropped below baseline prior to, during,
and after the reach, supports theories which postulate the need for cognitive
planning and monitoring of a reach.
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CHAPTER I
INTRODUCTION
A. The Development of Reaching
The development of reaching has long been a topic of exploration and
study within the field of Developmental Psychology. Piaget (1952) theorized
that reaching began as reflexive movements, which allowed the infant to
interact, to some degree, with the environment. As a result of this
interaction, Piaget believed that sensory and motor schemas involved in
reaching became assimilated, or blended together into one schema. Through
this assimilation, reaching came to be governed by unified schemas
encompassing visual, tactile, and kinesthetic information.
Piaget (1952) viewed these schemas as 'totalities' which, once
assimilated, could be called upon for future action whenever the individual
wanted to reproduce a previously discovered action. In addition, he believed
that new schemas could be developed through continued exploration of the
environment and that once developed, the schemas remained available for
future use.
Reed (1982) agrees with Piaget's claim that the ability to reach
encompasses sensory as well as motor components. However, he argues that
because of the need for both of these components, motor systems alone are
not powerful enough to account for the ability to reach. Instead, Reed
proposes that action systems, comprised of both motor and sensory
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components, should be considered to be the fundamental basis of motor
behavior.
While Reed views motor systems as being responsible for sensory
triggered movements, he views action systems as being responsible for
controlled interactions with the environment. Specifically, Reed believes
that action systems allow the infant access to both efferent and afferent
systems, which enable the infant to choose and produce actions based upon
what is meaningful in the surrounding environment.
Reed (1982) disagrees with Piaget, however, concerning the manner in
which an infant develops the ability to successfully reach. Piaget (1954)
believed that reaching efficiency progressed in steps from initial reflexive
movements to controlled reactions based upon experience and maturation.
Furthermore, Piaget believed that once developed, the acquired schemas
could be used for future actions.
Reed (1982), however, does not accept the notion of a stepwise
progression in the development of reaching. Instead, he believes that the
successful integration of sensory and motor components necessary for
efficient reaching develops as a result of the infant's discovering, through
exploration, the opportunities for action afforded by the environment and
the ability to act on those opportunities. In addition, due to the ever
changing conditions of the environment. Reed believes that future actions
could never be triggered by preexisting schemas. Instead, each new action
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must require a plan specific to the current demands of the environment and
must be monitored or guided throughout its progression.
Recent research appears to be in agreement regarding the need for
individuaUzed actions based upon current environmental demands,
however, the manner in which a reach is executed is still greatly debated.
Much of the discussion is centered around two hypotheses regarding the
ability to reach. The first hypothesis, largely due to Thelen, Corbetta, Kamm,
Spencer, Schneider, and Zernicke (1993), proposes that successful reaching
results from the triggering of a motor plan or a previously developed schema,
necessitating little, if any, cognitive effort. The second hypothesis, largely due
to von Hofsten (1993), argues that successful reaching requires prospective
planning and continued cognitive monitoring throughout the reach.
Thelen, et al, (1993) agree with Reed that each new action is tailored to
the task at hand. They also agree that the ability to reach is acquired through
discovering the affordances available in the environment. Thelen et al.
propose, however, that these actions are the product of a 'softly assembled'
motor system, in which an individual's ability to produce a motor action is
based upon the flexible assignment of motor patterns that best fit a specific
task. For example, they propose that an arm movement involved in a reach
functions much like a spring, which produces different movements based on
different stiffness settings.
Thelen et al. (1993) also propose that the softly assembled system is
dynamic, in that it contains 'self-organizing and optimizing principles'.
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Therefore, successful execution of a reach results from the combining and
triggering of specific motor patterns, such as stiffness parameters, which are
founded upon the individual's dynamic capacities and the requirements of
the task. Based on these requirements, there is no need to preplan or
monitor a reach, as Reed suggests, since the tension and the energy of the
'spring' dictate what will be the end point of a given movement. In addition,
Thelen et al. (1993) believe, similar to Piaget, that once different parameters
are learned, they can be selected again for future use.
von Hofsten (1993) claims that reaching must be a highly cognitive
process because of its prospective nature. He argues that since each
movement creates its own forces and momentum, counteractive forces must
be applied to maintain a balance between the movement of the individual
and the environment. In addition, in order for the counteractive forces to
work effectively, they must be applied at the appropriate time. This precision
requires prospective planning in order to balance forces with counterforces.
In support of this hypothesis, von Hofsten points to the smooth and
continuous manner in which an adult reach is executed. In order for these
reaches to be executed successfully, the reacher must anticipate the
biomechanical interactions of the arm as well as the feedback delays from the
environment, and plan the reach accordingly.
Prospective planning alone, however, is not sufficient for successful
reaching, since not everything about the environment can be anticipated. For
example, if reaching was only based on prospective planning, a reach directed
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at a moving object would be unsuccessful if the object were to suddenly stop
or accelerate. Therefore, cognitive monitoring during a reach is also
necessary for successful completion (von Hofsten, 1993). Thus, with the use
of prospective planning and cognitive monitoring, an individual is able to
successfully interact with the environment despite changes which occur
within the individual and in the environment.
Evidence for cognitive monitoring during reaching in infants may be
found in the submovements which infants produce within each reach (von
Hofsten, 1993; Berthier, 1996). These submovements are described by von
Hofsten (1991) as resulting from multiple accelerations and decelerations of
the infant's arm during the course of a reach. While Thelen et al. (1993)
contend that these submovements are nothing more than fluctuations
produced by the dynamics of the arm, von Hofsten (1991) and Berthier (1996)
argue that they are corrective submovements. They hypothesize that the
accelerations and decelerations enable the infant to make changes in the
direction of the movement of the arm, thus accounting for errors in the reach
and for changes in the environment.
Experiments in which infants contact toys by means of smooth and
continuous ballistic movements show that infants have the ability to
support, control, and direct their arms (Berthier, 1996). Therefore, it is
unlikely that the submovements found in controlled reaching are due to the
infant's inability to control the dynamics of the arm, as Thelen et al. (1993)
have suggested, since these fluctuations are not present during all
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movements of the arm. Instead, Berthier (1996) hypothesizes that these
submovements are specific to goal directed reaching and result from the
greater demands placed on the infant by this task, specifically, the need to
acquire the object of interest at the end of the reach.
Support for the development of cognitive control during reaching is
provided by results of kinematic studies which show decreasing amounts of
submovements within reaches as infants mature (von Hofsten ,1991;
Berthier, 1996). von Hofsten (1991) and Berthier (1996) predicted that as age
increases and motor control becomes more advanced, motor error would
decrease. In addition to increased motor control, von Hofsten also
hypothesizes that reaches become more smooth and continuous as the
infant's ability to plan prospectively progresses further into the future. Thus,
a decrease in motor error and an increase in prospective planning should
result in reduced numbers of submovements and increased speed and
accuracy with increasing age.
B. The Role of Attentional Processes
In addition to the abilities of prospective planning and cognitive
monitoring, the infant must also have sufficient attentional skills to
successfully interact with the environment. Thus, visual attention plays an
important role in reaching, by enabling the infant to select and attend to a
specific object within the environment, while ignoring competing stimuli
(Forges, 1992; Ruff & Rothbart, 1996; Ruff, Capozzoli, & Saltarelli, 1996). The
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maintenance of this attention is hypothesized to facihtate the gathering of
information, which ultimately results in the generation of actions that are
appropriate to existing environmental conditions (Forges, 1992; Ruff et al.,
1996).
There are three phases of attention which are relevant to the infant's
ability to successfully interact with the environment, a stimulus-orienting or
initiation phase, an engagement or sustained attention phase, and an
attention termination phase (Sokolov, 1963; Casey & Richards, 1991; Ruff &
Rothbart, 1996). In order for attention to be initiated and maintained, the
infant must achieve optimal levels of activation within the central and
autonomic nervous systems. These levels of activation are reached due to
changes of state which accompany each phase of attention. Such state
changes are characterized by alterations in the behavior and physiology of the
infant, such as reduced movement and lowered heart rate, which help to
maintain appropriate behaviors while suppressing conflicting behaviors
(Richards & Casey, 1991; Ruff & Rothbart, 1996; Ruff et al., 1996).
The first phase of attention, the orienting/ initiation phase, occurs in
response to events or objects which 'capture' the attention of the infant
(Sokolov, 1963). Orienting appears to be an involuntary response which is
triggered by changes in the envirormient suggestive of interesting, new
stimuli to be explored (Sokolov, 1963; Richards, 1989; Ruff & Rothbart, 1996).
Behaviorally, the orienting/ initiation phase results in the infant's gaze being
directed at the stimulus under consideration (Posner, 1978) and may produce
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an initial quieting of motor movements (Ruff et al., 1996; Ruff & Rothbart,
1996). This quieting helps to maintain attention by reducing distractions
brought about by the infant's movements and by allowing the channeling of
energy into the maintenance of attention, as opposed to other activities (Ruff
& Rothbart, 1996; Ruff et al., 1996).
A key physiological change which occurs in response to the
orienting /initiation phase is an abrupt deceleration in heart rate (Graham &
Clifton, 1966; Emde, Campos, Gaensbauer & Reich, 1975; Richards & Casey,
1992). Upon initiation of attention, the infant's heart rate decelerates
approximately 10 beats per minute (bpm) (Clifton, 1978; Casey & Richards,
1991) and remains reduced for a period of 5-6 seconds (Casey & Richards,
1991).
It is during this orientation/ initiation phase that the infant makes a
'decision' as to whether or not additional resources, namely those involved
in sustained attention, should be allocated to further investigate the object at
hand (Casey & Richards, 1991; Ruff & Rothbart, 1996). Should the 'decision'
to further investigate be made, the orientation/ initiation phase evolves into
the engagement/ sustained attention phase.
The engagement/ sustained attention phase is an extension of the
orienting /initiation phase (Casey & Richards, 1991). However, unlike the
first phase, it is a voluntary and active stage. The primary purpose of the
engagement/ sustained attention phase is the facilitation of the infant's ability
to extract information from the environment (Neisser, 1967; Richards, 1989;
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Ruff et al., 1996). It is manifested behaviorally by a prolongation of the
infant's gaze, continued quieting of motor movements, and a cessation of
vocalizations. The success of obtaining environmental information, which
occurs as the result of sustained attention, is due, in part, to the increased
level of energy and selective narrowing of interest which result from this
stage (Ruff & Rothbart, 1996). The selectivity found in perceptual
information gathering is manifested by sustained attention and appears to
result from the blocking of irrelevant information by inhibitory processes
(Ruff & Rothbart, 1996).
Two forms of inhibition are hypothesized to play a role in sustained
attention. The first form, which is thought to occur early in the stage of
sustained attention, appears to enhance an infant's ability to selectively attend
to one object by inhibiting attention to irrelevant objects (Ruff & Rothbart,
1996). This inhibition is believed to occur as a result of increases in the
thresholds of sensory information which are irrelevant to the object under
consideration. For example, when an infant attends to a purely visual object,
the threshold which needs to be exceeded in order for auditory information
to be attended to is increased. This increase results in a reduction of the
processing of auditory stimuli, thus reducing the possibility that the infant
will be distracted from the visual object (Ruff & Rothbart, 1996).
The second form of inhibition, hypothesized to occur late in the stage
of sustained attention, results in the inhibition of inappropriate, irrelevant
responses to the environment (Ruff & Rothbart, 1996). For example, this late
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inhibition helps to prevent the infant from responding to peripheral
distractors, such as turning to investigate a noise, while enabUng the infant to
produce a response to the task at hand, such as reaching for a toy (Tipper &
Driver, 1988; Tipper, MacQueen, & Brehaut, 1988). Thus, early inhibition
controls what information will be processed, while late inhibition controls
the type of responses which will be executed.
Interrelated with the behavioral manifestations found in the
engagement/ sustained attention phase, is the physiological response of heart
rate decelerations. These decelerations are amplified over those in the
orienting phase and remain at reduced levels throughout the sustained
attention phase (Ruff et al., 1996). This reduction in heart rate has proven to
be a good indicator of sustained attention. Thus, an infant engaged in
sustained attention, as indicated by heart rate decelerations, is more likely to
maintain engagement of attention than is an infant whose heart rate has
begun to return to baseline (Richards, 1989).
The final phase of attention is the disengagement/ termination phase.
This phase constitutes an active process which results in the infant's
attention being redirected away from the original object of interest (Posner &
Presti, 1987). Initially, the infant's behavior may suggest a continued
involvement in sustained attention, manifested by the continuance of visual
fixation. However, when an acceleration of heart rate back to baseline level
occurs, the infant becomes more easily distractible, resulting in the
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termination of attention to the object (Casey & Richards, 1991; Richards &
Casey, 1991).
In summary, prior to the orientation phase of attention, an infant will
scan the environment for novel and interesting objects or events (Ruff &
Rothbart, 1996). While scanning, the infant is easily distracted from one
salient object to the next. Once an object or event has seized the infant's
interest, however, orientation occurs. During the orientation phase,
distractibility to peripheral objects is reduced (Casey & Richards, 1991).
Should the object prove to be sufficiently novel, sustained attention will
commence and distractibility levels will be reduced still further. Even in
instances where the infant temporarily breaks visual contact with the object
under investigation, an almost immediate return to the object suggests that
there is an aspect of sustained attention which helps to prevent prolonged
disruption (Casey & Richards, 1991). Finally, when the infant has become
familiar with the object termination of attention occurs.
C. The Role of Experience
Experience of the infant also plays a role in the development of
selectively sustained attention. During the infant's first year of life, attention
is engaged based upon the novelty, intensity, and complexity of an object
(Graham & Clifton, 1966; DeLoache, Rissman, & Cohen, 1978). As a result,
encounters with salient and interesting objects, not previously experienced,
often capture and maintain the infant's interest (orientation & sustained
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attention) (Ruff & Rothbart, 1996). This preference for novelty is most
prevalent in infants from three to nine months of age, and results in rapid,
robust engagements of attention (Ruff & Rothbart, 1996).
Similarly, experience also plays a role in the termination phase of
attention. As an infant gains more experience with an object and finishes
processing information about it, habituation often occurs. Habituation,
which is defined as a decrease in responsiveness to familiar stimuli, thus
results in the termination of attention. In addition, once an infant has
acquired knowledge of a particular object, that object will be less likely to
subsequently engage the infant's attention (Sokolov, 1963). Therefore,
experience also plays a role in the ability of an infant to resist distraction,
since known objects will not draw the infant's attention away from the next
novel object the infant encounters.
D. Physiological Factors
Development of the ability to selectively attend to one stimulus while
effectively ignoring all others is a function of physiological maturation as
well as experience. During the first month of life, development of neural
connections between the basal ganglia and the superior colliculus occurs
(Johnson, 1990). This pathway provides the infant with inhibitory control
over eye movements, allowing the infant to maintain eye fixation on an
object of interest.
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Following the third month of life, alertness and peripheral visual
sensitivity increase, as does greater control over eye movements (Posner &
Peterson, 1990; Johnson, 1990; Richards & Casey, 1992). These changes help to
ensure that objects will be noticed and that the infant will have the abiUty to
selectively attend to a desired object (Ruff & Rothbart, 1996). At about four
months of age, a neural network between the frontal eye fields, the superior
colliculus, and the parietal cortex develops. With the aid of this network,
orientation and sustained attention toward objects is governed by cognitive
processes (Johnson, 1990).
Finally, maturation of the cholinergic nervous system, which occurs
during the first six months of life, results in the inhibition of motor activity.
This quieting of motor movements is an important aspect of the infant's
overall ability to attend to an object without being distracted (Richards, 1989).
Together, this physiological maturation and experience help to create a
cohesive attentional unit which encompasses neural, physiological, and
behavioral responses (Ruff & Rothbart, 1996).
As mentioned previously, heart rate is a reliable indicator for
determining phases of attention. Casey & Richards (1991) have found that
infants respond to peripheral stimuli more slowly when heart rate is reduced
during orientation and sustained attention than when heart rate accelerates
back to baseline during the termination phase. In addition, as an infant
becomes familiar with an object, thus habituating to it, accelerations in heart
rate appear to be more indicative of a loss of attention and increased
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distractibility than does the infant's behavioral response of continued fixation
(Nelson, Clifton, Dowd, & Field, 1978).
Along with reduced heart rate, the length of involvement in a
sustained attention episode can also help to predict the attentional state of the
infant (Ruff, et al., 1996; Casey & Richards, 1991). Anderson and Lorch (1983)
have found reduced distractibility with look lengths which exceed 15 seconds.
This reduction in distractibility during longer looks suggests a deepening of
attention as the state is preserved.
E. The Proposed Study
The proposed study seeks to investigate the underlying mechanisms
involved in reaching and attention. Two general models of reaching have
been proposed to date. The first is one in which reaching is seen as the
triggering and feedforward execution of a plan or schema. The second model
proposes that reaching is a complex cognitive act, where sensory information
is continuously analyzed before and during execution of the reach to bring
the hand accurately to a target. This latter model assumes involvement of
the infant's attentional systems, which enable selection and monitoring of
ongoing sensory information important to reaching. The proposed study
uses heart rate and video analysis to determine the involvement of the
attentional systems in the control of reaching, since heart rate assessment, in
conjunction with behavioral assessment, has been shown to provide
evidence of attentional and cognitive states.
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Pilot data, based upon eight infants ranging in age from six- to seven-
and-a-half months old, support the hypothesis that reaching is, in fact, a
cognitive process. The data suggest that reaching requires a focused
attentional state, characterized by decelerations in heart rate. Based upon the
pilot data and evidence in the literature, this study will seek to refute the
notion of triggered motor actions in reaching, and affirm and clarify the role
of cognitive requirements involved in the planning and execution of a reach.
15
CHAPTER II
METHOD
A. Participants
Participants were recruited by an explanatory letter and a follow-up
telephone call to parents. Twenty-five infants participated in this study.
Infants were given a small gift for their participation. The data from five
infants were not included in the analyses. Four provided insufficient data,
due to the absence of any reaching on the reaching trials, and one was
reported to have been born prematurely, making her inappropriate for this
study.
The remaining twenty infants, each of whom was born full-term and
was reported by parents to be free of illness on the day of testing, ranged in age
from 218 to 246 days, with a mean age of 236 days. Each infant participated in
both the reaching and the looking trials, completing a minimum of four
trials of each type.
B. Stimulus and Apparatus
Each infant was presented with two different types of trials, reaching
trials and looking trials, with a different toy used for each trial type. Half of
the infants were presented with a 12 cm plastic, yellow and red Winnie-the-
Pooh toy during the reaching trials and a 12 cm plastic, gray and purple
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Eeyore toy during the reaching trials. The other half of the infants were
presented with the counterbalanced order of toys.
At the start of each reaching trial, a toy was positioned on a track
behind a pair of curtains and was then slowly moved forward into the
infant's reaching space. Movement of the toy was governed by a computer
controlled stepper motor. The distance from the starting position of the toy at
the beginning of the trial to the stopping position in front of the infant was 80
cm. The toy traveled at a rate of speed of 20 cm per second, reaching the end
of the track in 4 seconds. Upon reaching the stopping position, the toy
remained within the infant's reaching space for 10 seconds before being
returned by the stepper motor to the starting position behind the curtains.
Coincident with the start of each trial, a 60 watt incandescent bulb was
illuminated over the apparatus to signal to the infant the start of the trial.
The looking trials followed the same procedure as the reaching trials,
with two exceptions. First, the toy which was not presented to the infant
during the reaching trials was presented during the looking trials. Second,
instead of the toy stopping within the reaching space of the infant, it stopped
40 cm from the infant's end of the apparatus. This stopping position
encouraged visual attention to the toy, similar to that of the reaching trials,
but discouraged reaching movements toward the toy, as it was no longer
attainable.
Infant behavior was assessed using two cameras for video analysis, an
electrocardiogram, and a motion analysis system. The first camera, a
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Panasonic OmniMovie (PV-810), was placed in line with the apparatus to
provide a frontal view of the infant. Video from this camera was used to
assess the direction of the infant's gaze, orientation to the toy, initiation of the
reach, contact with the toy (during the reaching trials), and general motor
activity throughout each trial. The video data from this camera was
channeled through a date/ time generator (FOR-A) prior to being recorded on
a Panasonic VHS video tape deck (AG-1980).
The second camera, a SONY digital (DCR-VXIOOO), was placed
approximately four feet to the right of the infant, providing both a side view
of the infant and a view of movement of the toy along the track. Video from
this camera was used to assess the time at which the toy emerged from
behind the curtains as well as the initiation of reaches which began below the
apparatus, and therefore out of view of the first camera.
The electrocardiogram (EKG) was used to assess infant heart rate as a
measure of attention and concentration. EKG data was obtained by placing
two electrodes on the infant's chest and one on the infant's side. The data
was conventionally amplified and stored on a computer following 12 bit
analog to digital conversion at 100 Hz.
Motion analysis data was collected using a Northern Digital Optotrack
camera system. It was used to gather precise data as to the initiation of the
reach and contact with the toy during the reaching trials. Two infrared
emitting diodes (IREDs) were placed on the back of the infant's right hand
and one was placed on the infant's right shoulder.
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The recording of the EKG data and the IRED data was triggered
simultaneously and time-locked to the video data of the first camera, using
the output of the date-timer. In addition, a small LED was placed under the
apparatus, in view of the second camera. It was automatically illuminated
with the triggering of the date-timer, allowing the data from the second
camera to be synchronized with all other collected data.
C. Procedure
The infant was seated on a parent's lap, facing the apparatus. Each trial
proceeded with the infant and parent being seated slightly off center to the left
of the apparatus, to encourage right-handed reaching by the infant. The
parent was instructed to hold the infant firmly around the hips so as to offer
adequate support without hindering the infant's movements and /or reaches.
The parent was further instructed not to direct the infant's attention or
influence the infant at any point during the trials.
After the electrodes and IREDs were applied to the infant, the first
experimenter retreated behind the infant and parent, so as to be out of view,
and indicated to the second experimenter, seated behind a partition, that the
experiment could begin. The second experimenter then simultaneously
triggered the recording of the motion analysis data, EKG data, and video data.
The stepper motor of the apparatus was then triggered, resulting in the
presentation of the appropriate toy.
19
Each infant participated in a minimum of four looking trials and
seven reaching trials. The first four trials presented were reaching trials and
were intended to familiarize the infant with the apparatus and encourage
reaching for the toy. Following these training trials, looking and reaching
trials were alternated in blocks of two trials each, with two looking trials
beginning the sequence. It was occasionally necessary to reduce the number
of looking trials to one per block, if an infant showed signs of becoming bored
and/ or fussy. Finally, the presentation of the two toys was counter-balanced
across infants, with half of the infants reaching for the Winnie-the-Pooh toy
and looking at the Eeyore toy and the other half receiving the opposite order
of presentation. This was done in order to negate any effects of preference for
one toy over the other.
Each trial lasted for 25 seconds, beginning with the triggering of the
data gathering systems. Following each successful reach during the reaching
trials, the infant was allowed to hold the toy for approximately 10 seconds to
aid in maintaining interest. The first experimenter then placed the toy on the
apparatus, behind the curtain, and the next trial was initiated.
The reaching trials were used to provide EKG and video data during
what we hypothesized to be the planning and execution phases of each reach.
The looking trials were used to provide EKG and video data in the absence of
the planning and execution phases of a reach, while providing the infant
with an interesting visual stimulus similar to the one used during the
reaching trials, and designed to produce sustained attention to the toy. The
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purpose of using a different toy during the looking trials was to signal the
infant that the toy would not move within reach, thereby negating the
necessity of planning a reach.
D. Data Analysis
The analysis of each session included scoring of the video data from
both cameras and the EKG data, based upon the following procedures. The
dependent measures which were assessed were: orientation and sustained
attention to the toy, reach onset time, contact with the toy or termination of
the reach, motor activity (in addition to that involved in the reach), visual
disengagement from the toy, and heart rate \ fluctuations throughout the
course of each trial. The latencies involved in a number of these measures
were also assessed.
1, Dependent Measures
The dependent measures from the video data were defined as follows:
a. Orientation to the Toy
Infant gaze directed at the toy.
b. Reach Onset Time
The initiation of a continuous movement of either hand which results
in contact with the toy.
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c. Contact With the Toy
Direct contact with the toy by either hand.
d. Motor Activity: In Addition to that Involved in the Reach
Activity such as banging, thumb sucking, kicking, etc., as these
activities could produce a change in heart rate activity.
e. Visual Disengagement
The time at which the infant averted his/her gaze from the toy.
f. Latencies
i. Latency to Orient The delay between the start of the trial and visual
attention to the toy.
ii. First Latency to Initiate The delay between the start of the trial and
the beginning of the reach.
iii. Second Latency to Initiate The delay between orientation to the toy
and the beginning of the reach.
iv. Latency to Contact The delay between the initiation of the reach
and contact with the toy.
V. Latency to Visually Disengage The delay between orientation to the
toy and the end of visual attention to it.
All of the video data were scored by the primary experimenter and
one-third of the video data were scored by an independent observer. The
results were compared to ensure inter-rater reliability. ReliabiUty in scoring a
particular event was considered to be achieved if each scorer was within 3
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frames, or
.09 seconds, of the other scorer. ReUabihty was met for all
measures with an accuracy rating of 95 percent.
The EKG data were examined as indications of the attentional state of
the infant. Average inter-beat intervals were computed from autocorrelation
functions of a two second window of EKG data. The average inter-beat
interval was taken from the temporal differences in peaks of the
autocorrelation function. Average inter-beat intervals were estimated at one
second intervals. The basehne rate was defined as the first beat recorded from
each infant at the start of each trial, which allowed for the control of normally
occurring fluctuations in infant heart rate.
Following the independent scoring of each measure, the video data
and EKG data were analyzed in concert, in order to compare the differences in
attentional load during the planning and execution of a reach with the
attentional load required for purely visual attention. The video data were
mapped onto the heart rate data, in order to assess the correspondence
between the behavioral data and the heart rate data.
The motion analysis data were not analyzed. They were deemed
superfluous because the video data clearly defined reach onset and contact
with the toy.
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E. Hypothesps
1- Motor Schema Hypothesis
We hypothesized that if reaching resulted from the triggering of a
motor schema, attentional stress would be low due to the absence of motor
planning and monitoring of the reach. This would result in the following
behavioral and physiological characteristics:
a. Attention
Sustained attention was expected in both the reaching and looking
trials, due to the attraction of the infant to the toy. However, once a reach
was initiated, successful completion would not require attention to the toy, as
the triggered motor action would contain the ending state of the hand on the
toy. In addition, we hypothesized that following familiarization with the
reaching task, reaching would become virtually instantaneous upon
presentation of the toy.
b. Heart Rate
We hypothesized that the heart rate data would reflect a sustained
attentional state, with no significant difference in heart rate decelerations
between the reaching and looking trials. In addition, following the initiation
of the reach, the infant's heart rate was expected to accelerate due to the
increased motor activity involved in the reach and the lack of cognitive effort
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required to complete the reach. Finally, once the infant habituated to the toy
during the later trials, resulting in a reduced attentional load, it was
hypothesized that there would be no deceleration in heart rate during
reaching since, attention to planning and monitoring the reach would not be
necessary.
2. Cognitive Hypothesis
Conversely, if reaching requires a preplanning phase followed by
assessment and corrections during the reach, as our pilot data suggested, we
hypothesized that the attentional load would be high, resulting in the
following behavioral and physiological responses:
a. Attention
Based on the hypothesized high attentional load required to produce a
reach, we expected that successful reaching would require continued
attention to the toy, as the reach would need to be monitored and corrected
throughout its progression. Therefore, regardless of habituation to the toy, if
a reach was attempted, the infant would need to maintain attention in order
to successfully contact the toy. In addition, we hypothesized that, regardless
of familiarity with the task, the infant would continue to experience a delay
between orientation and reach onset due to the need to plan the reach.
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b. Heart Rate
We further hypothesized that the infant's heart rate would show
deeper and longer decelerations during reaching trials, as compared to the
looking trials, as a result of the increased attentional load needed for the
planning and execution of a reach. Following habituation to the toy and the
resulting reduced attentional load, we hypothesized that heart rate would
remain low during reaching trials due to the cognitive effort necessary for
planning and executing the reach, while heart rate during looking trials
would remain stable at baseline. In addition, we hypothesized that heart rate
would remain low or increase only slightly during the execution of the reach,
since the cognitive effort needed to monitor and correct the reach would
override heart rate accelerations resulting from physical exertion of the reach.
Finally, if a reach was not attempted, we hypothesized that heart rate would
not differ significantly between looking trials and reaching trials, since there
would be no expenditure of cognitive effort in the absence of planning a
reach.
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CHAPTER III
RESULTS
A. Behavioral Data
1. Looking Trials
An examination of the visual and attentional behavior pertaining to
the looking trials is examined first, followed by the visual, attentional, and
motor behavior of the reaching trials.
Table 1 (page 28) presents a description of the behavior of the infants
during the looking trials. Infants appeared to find the looking trials
interesting, allowing the presentation of multiple trials. A total of 141
looking trials were run, ranging from 4 to 14 trials per infant, with an average
of 7.05 trials presented to each infant. Within each trial, all infants showed
repeated orientations to the toy, with 401 total orientations observed across all
looking trials, resulting in an average of 2.84 orientations to the toy per trial.
The mean latency of the first orientation to the toy from the start of each trial
was 2.77 seconds, 0.77 seconds after the toy first appeared from behind the
curtains.
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Table 1. Individual Infant Data for Number of Trials, Number of Looks, andLatency of First Orientation from the Start of Each Trial, in Seconds.
liNTi^iMi u imALb/ # LOOKS/ LOOK LATENCY
t INFANT FROM START
19 3.58
2 8 24 2.51
3 8 25 2.51
4 5 15 2.67
5 7 12 3.01
6 7 20 3.76
7 4 10 2.42
8 7 24 3.91
9 7 15 2.08
10 8 zo 3.46
11 9 32 2.40
12 6 18 3.83
8 27 2.30
14 14 40 2.10
15 6 16 1.93
16 9 23 2.14
17 4 11 2.38
18 6 16 2.20
19 6 17 4.31
20 4 14 2.47
TOTALS 141 401
jVTEAN 7.05 20.10
All infants oriented to the toy on each of the 141 trials (Table 2, page
29). In addition, most of the infants showed second (130 looks/ 141 trials) and
third (92 looks/ 141 trials) orientations. Few infants, however, oriented to the
toy four times within an individual trial (35 looks/ 141 trials).
Throughout all of the looking trials, only 6 reaches were attempted, but
no contacts occurred. The small number of attempted reaches during the
looking trials indicates that the infants were aware, in the vast majority of
trials, that the toy was out of reach.
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Table 2. Number of Looks per Infant Across Trials and the Number of
Attempted Reaches.
INFANT # 1ST
# LOOKS
#2ND
LOOKS
# 3RD # 4TH
.^^^•.s^.^^^^^^^..^.w.v..^^.^w.^^v
1 0 4 1 L.
z 00 8 6 2 ri\j3O Q 7 7 3 1
A 5 5 3 2 n
cD 7 5 0 0 0
0 / 6 4 3 0
/ 4 4 2 0 000 / 7 6 4 0Q7 / 6 2 0 0
10 8 7 5 2 0
11 9 9 9 5 0
iz 0 6 5 1 0
13 8 Q 8 3 0
14 14 13 9 4 0
15 6 5 4 0 0
16 9 9 4 0 0
17 4 4 3 0 0
18 6 6 4 0 0
19 6 5 4 2 0
20 4 4 3 3 0
TOTALS 141 130 92 35 6
Table 3 (page 31) shows the average length of looks to the toy, per
infant, for each of the four orientations that occurred during the looking
trials. The mean of the first look length was 4.52 seconds. Paired t-tests show
that the first look length (mean = 4.52 seconds) was significantly longer than
the second (mean = 2.60 seconds; t (18) = 3.84, p < .001) and third look lengths
(mean = 2.97 seconds; t (18) = 4.11, p < .001). The difference between the
second and third look lengths, however, was not significant (t (18) = -1.19, p <
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.252). The mean look length of the longest look per trial, regardless of when
it occurred within the trial, was 5.52 seconds.
Only one infant, number 4, consistently looked longer at the toy during
her second orientations (mean = 7.15 seconds) than her first (mean = 3.06
seconds). No obvious reason was found for this difference, other than the
difference between individual attentional styles. Table 3 also suggests that
infant 10 exhibited an attentional style similar to that of infant 4. Closer
examination of this data revealed, however, that infant lO's second
orientations were longer only on the first two looking trials, with each
subsequent trial showing longer first orientations. The difference between
the lengths of the first and second orientations on the initial two trials of
about nine seconds was significantly large enough to skew the means in favor
of the second orientations.
In addition, the first look lengths of all of the infants were analyzed for
effects of experience. The first looks on the initial three looking trials of each
infant were compared to the first looks on each infant's final three looking
trials. The look lengths from the initial trials (mean 4.42 s) did not differ
significantly from the look lengths of the final trials (mean = 4.92 s; t (15) =
-0.72, p < .484), suggesting that the infants continued to find the toy
interesting.
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3. Average Look Lengths per Infant, Across Trials, in Seconds.
INFANT # LOOKl
T CM/^T'T TLhNGFH
LOOK 2
LENGTH
LOOKS
LENGTH
LOOK 4 LONGEST
LENGTH LOOK
1
/I AO4.08 1.98 1.96 1.40 4.08
Z 4.04 3.15 4.13 3.56 5.76
•5O 2.83 1.87 3.14 1.75 3.75
A4 3.06 7.15 3.33 2.02 7.49
o 8.86 2.74 8.86
D 4.74 3.84 4.16 2.14 7.64
/ 6.24 2.42 3.37 6.24Q 3.04 2.19 4.35 2.88 5.77Q 6.61 3.28 3.17 6.93
1 n
i U 2.72 3.70 2.17 2.32 4.86
1 1
1 1 4.77 2.06 3.00 2.84 5.00
1
1
12 2.82 2.28 2.33 9.24 5.01
1 1 4.06 1.76 3.14 1.87 4.62
1 /I
1
4
3.51 1.12 3.20 2.97 3.73
15 6.17 2.86 4.03 7.78
1 o 5.87 3.58 3.97 6.40
17 6.86 3.69 2.90 6.86
18 5.37 1.06 3 35 5.82
19 3.45 1.72 1.96 0.90 3.64
20 3.35 1.94 1.40 1.97 3.36
MEAN 4.52 2.60 2.97 2.54 5.52
2. Reaching Trials
Infants readily oriented to and reached for the toy during the reaching
trials. Information regarding the attentional and looking behavior of the
infants during the reaching trials will be discussed, followed by data on the
motor behavior of the infants.
Due to the infants' interest in the reaching trials, a larger number of
reaching trials than looking trials were able to be presented. A total of 256
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reaching trials (Table 4, page 33) were presented, ranging from 7-20 trials per
infant, with an average of 12.8 trials presented. Infants always oriented to the
toy before reaching and often showed muhiple orientations throughout the
trials. The number of orientations per trial, however, was significantly lower
on reaching trials (mean = 1.39) than on looking trials (mean = 2.84; t (19) = -
13.23, p < .001).
The mean latency to orient to the toy from the start of each reaching
trial was 2.50 seconds, which was comparable to the mean latency to orient to
the toy on the looking trials (2.77 s). The reach was performed during the first
look in all but 18 of the 256 reaching trials. The mean length of the look
which encompassed the reach on all of the reaching trials was 9.01 seconds,
significantly longer than the mean look length of 4.52 seconds for the first
looks on the looking trials (t (19) = 8.23, p < .001) and the mean length of 5.52
seconds for the longest looks of the looking trials (t (19) = 6.41, p < .001).
As with the looking trials, the first looks of the reaching trials were
analyzed for effects of experience. The length of the first looks from the
initial three reaching trials was compared to the length of the first looks from
the final three reaching trials. The results were marginally significant (t (19) =
1.91, p < .071), suggesting that the infants had begun to habituate during the
final few reaching trials. The difference between the lack of habituation
during the looking trials and the beginning of habituation during the
reaching trials may be attributable to the greater number of reaching trials
presented to each infant (256 reaching versus 141 looking).
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Table 4. Reaching Data for the Number of Trials, Total Number of
Orientations per Infant and the Average Number of Orientations per Infant
Across Trials. The average latency to orient to the toy from the trial start and
the average look length are presented in seconds.
TRIALS LOOKS LOOKS PER LATENCY FROM LOOK LENGTH
1 11
2 10
3 12
4 9
5 14
6 12
7 9
8 13
9 12
10 14
11 19
12 13
13 13
14 15
15 16
START
1.58 9l0""
9.03
7.21
7.41
9.20
9.55
9.46
11.56
7.84
9.99
8.43
5.81
9.38
11.22
10.57
16 13 13 1.00 2.27 12.69
17 20 32 1.60 2.46 6.73
18 13 16 1.23 2.78 7.54
19 11 14 1.27 3.30 7.62
20 7 7 1.00 2.26 10.69
TOTALS 256 356
AVERAGES 12.8 17.8 1.39 2.50 9.01
Infants were almost always successful in contacting the toy if they
attempted a reach. As Table 5 (page 34) shows, there were a total of 291
reaches attempted across all trials, with 272 reaches completed. This is
considerably more than the six reaches attempted during the looking trials.
In addition, three of the infants (infants 1, 10, & 14) clearly recognized that a
toy was reachable during the reaching trials, and not during the looking trials,
as they consistently initiated reaches to the toy prior to it coming within
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reaching distance, an action that only occurred six times during the looking
trials.
Table 5 Number of Reaches per Infant Across Trials. Latencies for initiation
to reach from the start of the trial, initiation to reach from orientation, and
contact from initiation are presented in seconds.
JFANT
#
s
#OF
INITIATION
1 >^ 1 /\L
#OF
CONTACTS
AVbKAGE
# REACHES
PER INFANT
INlTlATrON
FROM START
INITIATIOI^
1 ElM 1
FROM
ORIENT
J COI^ACt
LAI ENCY
FROM
INITIATION
1 1
1
1.00 316 2.08 "176
9 1 o 1 /I1
4
1.50 6.00 3.82 0.65
a
o 1 /Ii 4 1.25 6.73 3.24 1.29
A Q0 7 0.89 8.33 2.97 1.22
5 18 18 1.29 7.89 3.91 0.85
6 18 16 1.50 7.30 4.17 1.13
7 12 12 1.33 4.40 1.59 1.46
8 15 14 1.15 7.44 3.85 1.80
9 13 12 1.08 5.24 3.13 1.00
10 20 18 1.43 3.21 1.50 1.37
11 15 11 0.79 7.29 3.85 1.40
12 11 11 0.85 9.90 3.43 0.76
13 16 16 1.23 5.70 3.78 0.73
14 24 23 1.60 3.80 1.32 1.43
15 15 12 0.94 10.38 6.04 0.80
16 16 16 1.23 5.65 3.38 1.10
17 14 13 0.68 8.81 3.08 0.99
18 16 15 1.23 4.59 1.81 1.22
19 15 15 1.36 5.78 2.07 0.90
20 4 4 0.57 8.04 5.98 1.14
TOTALS
MEAN
291
14.55
272
13.6 1.14 6.41 3.17 1.15
Each infant averaged a total of 13.6 reaches, with a mean of 1.15 reaches
per trial. The average latency to initiate a reach from the start of each trial
was 6.41 seconds, 2.41 seconds after the toy stopped within reaching distance,
while the average latency of initiation from orientation to the toy was 3.17
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seconds. The average movement time from initiation to contact with the toy
was 1.15 seconds.
Behavior during the four reaching training trials presented to each
infant at the start of the session was compared to the behavior of the infants
on the subsequent testing reaching trials. The look latency from the trial start
was found to be significantly longer during the training trials (mean = 3.02 s)
than during the remaining reaching trials (mean = 2.30 s; t (19) = 4.05, p <
.001). Since the toy appeared two seconds after the start of the trial, the mean
of 2.30 seconds to orient to the toy on later reaching trials suggests that the
infants learned to anticipate the toy's appearance.
Reach initiation latencies from the start of the trials were not
significantly different between training trials and subsequent testing trials (t
(19) = 1.64, p < .118), resulting in slightly longer orientations before reaches
were initiated on the trials following the four training trials. However, this
difference in orientation length did not prove to be significant (t (19) = -0.18, p
< .860), nor did the movement time between initiation and contact, between
training trials and the subsequent testing trials, prove significant (t (19) = -0.96,
p < .350).
Finally, the overall look length did differ between the training trials
and the remaining reaching trials, with looks during the training trials (mean
= 10.07 s) proving to be significantly longer than those during the subsequent
testing trials (mean = 8.47 s; t (19) = 2.34, p < .030).
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These results suggest trial effects for orientation to the toy from the
start of the trials and look lengths to the toy across trials. This indicates, as
mentioned previously, that the infants may have begun to habituate to the
sight of the toy during the reaching trials. The results also suggest, however,
that the reaches continued to demand comparable effort throughout the
trials, as latencies to initiate reaches and to contact the toy were not reduced
significantly with experience.
B. Heart Rate Data
Electrocardiograms were recorded from all infants on all training and
test trials and heart rate was estimated from the average inter-beat interval
(IBI) in an overlapping and moving two second window of the data. Because
of technical difficulties with the recording of the data, we were not able to
obtain reliable heart rate measures for all of the trials. Since the repeated
measures ANOVA used on the data requires an equal number of contributed
trials from each subject, we focused our analysis on a subset of data that met
this condition and provided data from most of our infants. In the analyses
below, data were used from 18 of our 20 infants. The IBI changes presented in
the figures below are relative to the first sample of each trial and the error
bars show the standard error of the mean for each sample. The Huynh Feldt
correction was used and is reported for significant effects.
We first compared heart rate responses on looking and reaching trials.
Figure 1 (page 37) shows the change in IBIs, aligned for the start of the trial,
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from the first three looking and first three reachmg trials of the test phase of
the experiment, for the 18 infants. Inspection of this figure suggests that
infants showed pronounced decelerations in heart rate which were initiated
near the start of the trial and persisted during the reaching trials beyond the
execution of the reach. On the looking trials, however, the deceleration in
heart rate appeared to return to baseline around the average time of look-
away (5.5 sec).
Figure 1. Change in Inter-Beat Intervals on Reaching and Looking Trials,
AHgned for the Start of the Trial (A = Looking Trials; B = Reaching Trials; C
= Average orientation to the toy for each trial type; D = Reach initiation; E =
Contact with the toy).
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An ANOVA of these data confirmed these impressions and revealed a
significant Time main effect (F (12, 204) = 4.11, p < .01) indicating that the
infants' heart rates varied with the time of recording during the trial. Tests of
trial type (looking vs. reaching) and repeated trials were not significant, nor
were any of the interaction effects.
While heart rate changes were observed in the above data, there was
also significant variability found. This variability could be due to the fact that
the infants, while often responding to the appearance of the toy with looks
and reaches of comparable latency, also showed considerable variability in
their behavior. If heart rate responses are reflective of infant attention and
motor planning and execution, as we hypothesize, than synchronization of
the heart rate data with the behavior should produce more reliable effects
than when the heart rate data are synchronized with some relatively arbitrary
event such as the start of the trial.
To investigate this possibility, we synchronized the heart rate data with
the time of the first look at the toy on the initial three looking and three
reaching trials of the testing phase. The average IBIs for these two trial types
are presented in Figure 2 (page 39). Comparison of these data with that of
Figure 1 supports our hypothesis that heart rate responses are reflective of
infant attention by showing that the error bars around the means are
generally smaller and that the effect magnitudes appear to be larger.
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Figure 2. Change in Inter-Beat Intervals on Reaching and Looking Trials,
Aligned for Orientation to the Toy (A = Looking Trials; B = Reaching Trials;
C = Average orientation to the toy for each trial type; D = Reach initiation; E
= Contact with the toy).
These impressions were confirmed by an ANOVA. Testing revealed
significant Trial Type (F (1, 17) = 5.39, p < .033) and Time (F (10, 170) = 5.63, p <
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.002) effects and a marginal Trial Type X Time effect (F (10, 170) = 2.39, p <
.056). This analysis confirms that infants' heart rates respond differently
the two trials and that the temporal course of the heart rate changes differed
by trial type. Inspection of the figure also suggests that the heart rate response
for the looking trials returned to baseline around the time infants looked
away from the toy, but that the heart rate response on reaching trials
maintained its deceleration during and after the reach.
To further investigate the degree to which heart rate responses reflect
infant attention during the planning and execution phases of a reach, we
synchronized the heart rate data from the reaching trials with the onset of the
reaches. First, we examined heart rate responses during the training trials.
As mentioned previously, the training trials consisted of the first four trials
presented to each infant and were intended to familiarize the infant with the
apparatus and the reaching task. Since there was not heart rate data for all
four training trials for each infant, due to technical difficulties, the analyses
for the training trials were based on two trials each from the 18 infants used
in the previous analyses.
Figure 3 (page 41) shows the change in IBIs during the training trials.
Examination of this figure reveals that infants' heart rates varied over the
time of the trial. In addition, the data show that although heart rates
decreased during the hypothesized planning phase of the reach and remained
low during the initiation of the reach (time zero) they quickly accelerated
following contact with the toy, approximately 1.5 seconds after initiation.
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Figure 3. Change in Inter-Beat Intervals on Reaching Training Trials,
Aligned for Initiation of Reach (A = Reach initiation; B = Contact with the
toy).
Ah ANOVA performed on these data corroborated our impressions
and disclosed a significant Time main effect (F (12, 204) = 5.53, p < .001),
indicating that the infants' heart rates varied during the demands of the trial.
No interaction effects were found to be significant. Considerable variability
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was also found in these data, as is indicated by the large error bars. It is
possible that this variability is a result of the unfamiliarity of the
surroundings and the unknown demands of the task, which may have
served to excite the infants. If this were the case, one would expect that the
variability would be reduced as the infants became more familiar with their
surroundings and with the reaching task.
In order to examine this possibility, we synchronized the heart rate data
with the time of the initiation of the reach, using the data from the testing
trials. Because of the greater number of test trials, we were once again able to
use three trials from each of the 18 infants for the analyses. The IBIs
presented in Figure 4 (page 43) reveal a change in heart rate over the time
course of the trial. In addition, comparison of these data with that of Figure 3
confirms our hypothesis that variability was reduced in later trials, as is
evidenced by the smaller error bars. Figure 4 also shows that heart rate
remained reduced for a greater length of time during the testing trials than
was evidenced during the training trials. This supports our hypothesis that
familiarity with the research session may have reduced stress and excitement,
resulting in a prolonged reduction in heart rate.
An ANOVA of these data confirmed our impression that the IBIs
varied across the course of the trial time, with a significant Time effect (F (12,
204) = 3.25, p < .028). None of the interaction effects were significant.
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Figure 4. Change in Inter-Beat Intervals on Reaching Testing Trials, Aligned
for Initiation of Reach (A = Reach initiation; B = Contact with the toy).
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CHAPTER IV
DISCUSSION AND CONCLUSIONS
A. Discussion
Infants found both the looking and the reaching tasks to be very
interesting and this interest allowed us to collect a large number of trials
from each infant. Infants behaved differently on the two trial types, with six
reaches attempted on the looking trials and 291 reaches attempted on
reaching trials. This vast difference suggests that the behavioral and heart
rate differences found between the two trial types can be attributed to the
differences between simply looking at an object and looking and reaching for
an object.
1. Behavioral Differences
Behavioral differences found between the two trial types clearly
indicate that the reaching task was more cognitively involving than the
looking task. Although the time to orient to the toys was comparable for
both trial types, significantly more orientations occurred during the looking
trials than during the reaching trials. This suggests that the infants were
more easily distracted during the looking trials due to the reduced
attentional demands of the task. In contrast, orientation to the toy during
the reaching trials remained consistent and prolonged, which is in keeping
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with the hypothesis that infants had to plan and monitor the action directed
to the toy. Also consistent with this hypothesis is the lengthy 3.17 second
delay which occurred between fixation of the toy and initiation of the reach,
affording the infant the chance to plan the reach.
2. Heart Rate Differences
A comparison of the heart rate data between the looking and the
reaching trials also suggest that the reaching trials required more cognitive
involvement than did the looking trials. Although significant heart rate
decelerations were found at look onset during both trial types, heart rate
returned to baseline around the time of the average look-away from the toy
during the looking trials, but persisted much longer during the reaching
trials, extending beyond completion of the reach.
Decelerations during the reaching trials were also found to be more
pronounced than during the looking trials, decreasing maximally just prior
to the initiation of the reach. This deep deceleration preceding the initiation
of the reach is perhaps the best evidence that reaching is a cognitively
demanding task, because, up to this point on the reaching trials, the behavior
of the infant is identical to the behavior during the looking trials. Namely, in
both instances, the infant is merely looking at the toy. Therefore, we
conclude that the difference in the physiological response is a direct result of
the increased cognitive demand placed upon the infant by the need to plan an
interaction with the outside world.
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3. General Discussion
These results argue against the role of a Piagetian or preset schema in
the development of reaching, since the lack of change in behavior and heart
rate across the reaching trials suggests that infants were not learning which
motor schema, plan, or program to trigger, but instead, infants planned and
generated a specific reach each time the toy was presented. Similarly, the
results argue against a softly assembled motor system which allows for the
flexible assignment of motor patterns, as suggested by Thelen et al. (1993).
Thelen et al. (1993) hypothesize that interactions with the environment, such
as reaching, do not require preplanning or monitoring but are simply
triggered based on the dynamics of the arm and the location of the target.
Each reaching trial was produced by a computer generated program
which placed the toy in the same resting position in the same amount of time
during each trial, with neither the location of the target nor the speed at
which it was presented varying across trials. Despite this constancy, no
increase in speed occurred in the initiation of the reach or in the contact of
the toy, as would be expected if a motor pattern or program had been assigned
to the task at the start of the trials.
Further, the reduction in heart rate showed little change across trials
and strongly supports our hypothesis that planning and cognitive
monitoring are necessary for the successful completion of each reach. These
results are also in keeping with von Hofsten's claim (1993) that reaching is a
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prospective event, since the reduction in heart rate occurred prior to the
initiation of each reach.
In addition, the sustained reduction in heart rate during each reach
supports von Hofsten's (1993, 1991) and Berthier's (1996) claims that the
"movement units" within each reach are, in fact, submovements which are
used to correct and control the reach throughout its progression. If, as
hypothesized by Thelen et al., (1993), these movements were the result of
fluctuations produced by the dynamics of the arm following the triggering of
a motor plan, any cognitive load placed upon the infant by the task would be
alleviated following the trigger of the motor action. As a result, heart rate
should accelerate due to the physical demands of the task (Pomerleau and
Malcuit, ) and reduced cognitive demands. Instead, we found that despite
the physical demands, heart rate remained low, supporting the hypothesis
that monitoring and correcting the progression of the reach occurs via the
subunits.
B. Conclusions
Therefore, we conclude that our results are consistent with views of
reaching as a cognitively demanding task instead of a task that is simply
'triggered' or 'run-off. They are also in keeping with behavioral aspects of
sustained attention hypothesized by Ruff and Rothbart (1996), and
physiological aspects of attention hypothesized Casey and Richards (1991).
Specifically, the prolongation of gaze, quieting of motor movements, and
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cessation of vocalizations, proposed as indications of sustained attention by
Ruff and Rothbart (1996), were evident during our experiment. Also present,
was the enhanced decelerations in heart rate, proposed as an indication of
sustained attention by Casey and Richards (1991).
However, the fact that these behavioral and physiological changes were
more pronounced during the reaching trials, as compared to the looking
trials, suggests that there may be a deeper or more extended purpose for the
state changes accompanying sustained attention than is proposed by either
Ruff and Rothbart (1996) or Casey and Richards (1991). Specifically, we
suggest that the enhanced behavioral and physiological quieting which
occurred during the reaching trials is evidence that a sustained attentional
state is a necessary vehicle through which the infant does not just attend to
the outside world, but acts upon it.
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APPENDIX A
SCHEMATIC OVERHEAD VIEW
OF THE APPARATUS
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A = Starting Position of Toy
B = Stopping Position of Toy
Camera 1 on the Looking Trials
C = Stopping Position of Toy
on the Reaching Trials
Curtain
Infant - Seated on Parent's Lap
Camera 2O
50
APPENDIX B
REACHING DATA
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Table 6. Reaching Data from Infants One through Three. Time is given in
mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
BABY
it
TRIAL
#
# #
LOOK REACH
#
CON-
TACTS
START
TIME
LOOK
TIME
LOOK
AWAY
REACH
TIME
CONTACT
TIME
00.00.00 00.04.13 00.17.34 00.04.39 00.05.66
2 2 1 00.20.50 00.23.28 00.31.56 00.24.99 00.26.35
5 2 1 1 01.23.92 01.26.86 01.34.90 01.28.03 01.29.09
\
o
o 2 1 1 02.25.50 02.27.86 01.37.64 02.30.10 01.31.70
10 1 1 1 03.02.49 03.03.89 03.19.04 03 Of) 4Q 07 HI
13 3 1 1 04.03.90 04.03.90 04.11.42 04.05.88 04.08.78
1 A14 2 1 1 04.24.40 04.25.49 04.34.87 04.27.73 04.29.76
-I16 2 1 1 05.05.40 05.06.06 05.13.79 05.08.06 05.10.13
17 1 1 1 05.25.90 05.26.15 05.35.93 05.28.82 05.30.73
19 2 1 1 06.06.90 06.08.00 06.14.24 06.10.79 06.12.51
20 2 1 1 06.27.40 06.28.04 06.36.28 06.31.24 06.33.38
2 1 1 1 1 01.40.13 01.41.55 01.48.86 01.47.96 01.48.39
2 2 1 2 2 02.05.63 02.06.94 02.22.42 02.15.28 02.15.71
2 5 2 2 2 03.21.18 03.24.39 03.32.50 03.26.36 03.27.16
2 6 2 2 1 03.46.68 03.48.78 03.54.62 03.50.92 99.99.99
2 9 2 1 1 05.02.71 05.04.37 05.14.48 05.07.68 05.08.18
2 10 3 3 3 05.28.21 05.30.78 05.36.45 05.34.22 05.35.28
2 13 1 1 1 06.44.71 06.47.44 06.55.28 06.49.98 06.50.41
2 14 2 1 1 07.10.21 07.11.62 07.17.99 07.15.43 07.15.69
2 17 2 1 1 08.26.71 08.29.82 08.44.67 08.33.42 08.34.46
2 18 1 1 1 08.52.21 08.54.47 09.03.18 08.57.14 08.58.04
3 1 3 0 0 00.00.00 00.02.11 00.13.29 99.99.99 99.99.99
3 2 3 3 3 00.25.50 00.29.38 00.36.99 00.32.68 00.34.38
3 3 2 1 1 00.51.00 00.52.78 01.01.96 00.59.15 01.00.42
3 4 2 1 1 01.16.50 00.18.41 00.23.99 00.28.09 02.29.66
3 9 2 1 1 03.22.12 03.23.82 03.24.79 03.28.22 03.29.39
3 11 1 1 1 04.12.65 04.15.30 04.20.17 04.18.53 04.19.20
3 14 2 1 0 05.29.15 05.31.79 05.40.53 05.34.93 05.37.56
3 15 2 2 2 05.54.65 05.56.96 06.04.17 06.00.07 06.01.37
3 19 1 1 1 07.36.18 07.38.59 07.49.50 07.41.86 07.42.76
3 20 3 1 1 08.01.68 08.04.30 08.08.27 08.07.27 08.07.60
3 25 1 2 2 10.08.24 10.11.05 10.20.66 10.13.78 10.14.98
3 26 1 1 1 10.33.74 10.36.69 10.43.36 10.40.89 10.42.33
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Table 7. Reaching Data from Infants Four through Six. Time is given in
mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
1™ 2 1
4 2 2 1
4 3 1 1
4 4 1 2
4 7 1 1
4 8 2 1
4 11 2 1
4 12 1 0
4 15 1 0
5 1 2 2
5 2 2 2
D 3 1 2
5 4 1
5 7 1
5 8 1
5 11 2
5 1
5 14 1
5 15 Z
cD i O 1
5 1
cD i
5 zl
-1
1
6 1 11 L
6 2 2. oz
6 3 1 1
6 4 3 3
6 7 1 1
6 8 2 2
6 11 2 1
6 12 2 1
6 15 2 1
6 16 1 2
6 18 2 1
6 19 1 1
00.00.00
00.25.50
00.50.53
01.16.03
02.32.06
02.57.56
04.12.64
04.37.67
05.53.69
00.06.17"
00.29.04
00.54.09
01.19.84
02.36.24
03.00.34
04.14.55
04.40.23
05.56.50
00.33.78
01.10.94
01.32.79
02.42.88
03.05.68
04.20.72
04.45.33
06.00.93
00.12.45
00.36.58
00.59.40
01.22.51
02.38.88
03.03.91
04.18.85
99.99.99
99.99,99
00.15:38"
00.37.08
01.00.67
01.23.76
02.41.41
03.04.75
99.99.99
99.99.99
99.99.99
00.00.00 00.03.16 00.07.17 08.08.77 00.10.10
00.25.02 00.29.68 00.32.45 00.34.81 00.35.58
00.50.52 00.53.97 01.08.25 00.58.68 00.59.95
01.16.02 01.19.54 01.35.12 01.23.87 01.24.91
02.31.10 02.36.01 02.46.85 02.40.04 02.40.71
02.56.13 02.58.77 03.06.84 03.03.84 03.04.67
04.11.68 04.13.91 04.18.78 04.19.58 04.20.25
04.37.18 04.39.74 04.46.61 09.44.58 04.45.51
05.27.70 05.29.46 05.46.61 05.34.73 05.35.53
05.52.73 05.55.36 06.02.33 05.59.80 06.00.70
07.08.75 07.15.01 07.18.34 07.16.24 07.17.18
07.34.25 07.36.82 07.56.41 07.41.42 07.42.09
07.59.75 08.03.57 08.11.48 08.07.76 08.08.35
08.24.78 08.27.03 08.33.64 08.31.99 08.32.50
00.00.00 00.05.68 00.15.76 00.06.28 00.07.49
00.25.50 00.29.10 00.36.01 00.32.74 00.33.14
00.51.00 00.53.82 01.07.33 01.00.69 01.01.69
01.16.50 01.17.92 01.28.87 01.21.46 01.22.50
02.32.54 02.38.20 01.47.34 01.40.70 01.41.94
02.57.58 03.01.09 03.08.57 03.06.34 03.07.42
04.29.61 04.32.16 04.41.43 04.38.36 04.39.80
04.55.11 04.57.39 05.02.76 05.00.49 05.02.03
06.10.67 06.13.94 06.23.58 06.18.88 06.19.28
06.36.17 06.38.65 06.47.60 06.43.36 06.44.26
07.27.17 07.29.38 07.38.92 07.33.55 07.35.28
07.52.67 07.54.77 08.08.55 07.59.24 08.00.84
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Table 8. Reaching Data from Infants Seven through Nine. Time is given in
mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
# #
o«w<»»«<<coco»c<
#
LOOK
™
# # CON-
REACH TACTS TIME TIME AWAY TIME TIME
TIME
/ 1 1 1 00.00.00 "OOM59 "00.13.57" 00705.16 00.06.03
7 9 1 1 00.25.04 00.28.36 00 38 87 nn 98 SQ UU.aU. lb
7 3 1 2 2 00.50.54 00.54.61 01 .04.88 00 94 nn R7 ecUU.D/ .00
7 4 2 2 01.16.04 01.19.54 01.31.66 01.20.44 01 99 78
7 7 1 1 02.32.06 02.34.65 02.41.79 02 "^S 0'^V_/Z. .tj^ .\J^J 09 "^7 naUZ .0/ .uo
7/ QO 2 2 02.57.56 02.59.98 03.05.85 03 01 75 0"^ C\'X ')Kyjo .yjo .^D
7 1 n 1 1 03.48.09 03.50.74 03.57.58 03 51 54 m CO 01
7
1 i 1 1 04.13.59 04.15.65 04.31.30 04.20.66 04.21.06
7 1 0 1 1 04.38.62 04.40.70 04.46.49 04.42.43 04.43.27
0 i z 0 0 00.00.00 00.08.84 00.11.35 99.99.99 99 99 99
Q0 z 1 1 00.25.50 00.26.66 00.33.74 00.39.04 00.40.13
QO o 1 1 00.50.53 00.51.67 01.09.19 00.55.01 00.59.85
Q 4 1 1 01.15.56 01.16.77 01.28.90 01.22.94 01.24.14
QO / 1 1 02.31.12 02.31.94 02.45.63 02.35.68 02.38.49
QO n0 1 1 02.56.15 02.57.46 03.12.14 02.59.03 03.01.10
8 11 2 1 04.12.65 04.13.57 04.21.28 04.20.18 99.99.99
8 12 1 1 04.37.68 04.38.67 04.55.19 04.45.34 04.46.95
8 15 1 1 05.54.18 05.54.22 06.10.24 06.01.06 06.02.90
8 16 1 1 06.19.20 .6.19.72 06.26.03 06.28.36 06.28.86
8 18 2 2 07.09.25 07.16.84 07.27.28 07.16.94 07.18.60
8 19 2 2 07.34.75 07.35.65 07.42.93 07.44.16 07.45.09
8 20 1 1 07.59.77 08.00.05 08.18.43 08.07.82 08.09.06
9 1 1 1 00.00.00 00.02.80 00.13.54 00.05.53 00.06.37
9 2 1 1 00.25.50 00.27.78 00.31.68 00.30,15 00.31.08
9 3 1 1 00.51.00 00.52.25 01.01.86 00.56.42 00.57.65
9 4 1 1 01.16.50 01.19.01 01.24.15 01.21.15 01.22.12
9 7 1 1 02.32.52 02.35.62 02.43.56 02.38.19 02.39.29
9 8 1 2 1 02.57.55 02.59.77 03.07.51 03.01.20 99.99.99
9 11 1 1 04.13.11 04.15.14 04.21.84 04.19.64 04.20.47
9 12 1 1 04.38.14 04.40.61 04.46.65 04.42.88 04.44.55
9 13 1 1 05.03.17 05.05.07 05.15.71 05.08.34 05.09.84
9 16 1 1 06.18.75 06.20.21 06.26.95 06.24.11 06.24.61
9 17 1 1 06.43.78 06.45.25 06.56.39 06.49.68 06.50.26
9 21 1 1 08.29.34 08.31.13 08.38.90 08.34.90 08.35.73
ttaaaawftOoaoaaaM
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Table 9. Reaching Data from Infants Ten through Eleven. Time is given in
mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
10
10
10
10
10
10
10
10
10
10
10
10
10
1
2
3
5
8
9
12
13
16
17
20
21
22
23
# "W
REACH CON-
TACTS
TIME
"MMoo"
00.25.50
00.50.52
01.29.40
02.44.92
03.09.94
04.25.84
04.51.34
06.07.37
06.32.87
07.48.91
08.14.41
08.39.44
09.04.94
TIME
"OOjOZOT
00.29.18
00.52.10
01.30.90
02.47.01
03.11.19
04.27.06
04.53.20
06.08.73
06.33.95
07.49.54
08.15.91
08.42.19
09.06.39
AWAY
TIME
loIoB
00.41.92
00.57.38
01 .50.58
02.52.91
03.21.74
04.44.58
04.59.91
06.18.27
06.43.09
06.56.81
08.23.82
08.45.16
09.12.99
TIME
00.30.21
00.53.74
01.32.23
02.47.71
03.12.96
04.29.43
04.54.67
06.10.47
06.35.61
07.51.77
08.16.65
08.43.43
09.07.12
TIME
00.30.54
00.55.14
99.99.99
99.99.99
03.14.56
04.30.43
04.55.94
06.11.60
06.37.75
06.53.17
08.19.45
08.43.93
09.09.32
11 1 1 1 1 00.00.00 00.02.32 00.16.27 00.12.06 00.13.20
11 2 2 1 1 00.39.56 00.41.79 00.49.20 00.51.83 00.52.34
11 3 3 0 0 01.05.19 01.07.47 01.13.51 99.99.99 99.99.99
11 4 3 0 0 01 .30.21 01.30.79 01.37.70 99.99.99 99.99.99
11 7 1 1 0 02.46.25 02.48.67 03.02.79 02.56.08 99.99.99
11 8 3 0 0 03.11.27 03.12.31 03.20.15 99.99.99 99.99.99
11 11 2 1 0 04.26.37 04.28.72 04.34.12 04.43.97 99.99.99
11 12 2 0 0 04.51.40 04.54.08 04.59.22 99.99.99 99.99.99
11 16 2 0 0 06.32.93 06.35.57 06.43.88 99.99.99 99.99.99
11 18 1 1 07.23.93 07.24.72 07.34.46 07.31.46 07.32.36
11 19 1 0 07.48.96 07.51.17 07.59.75 07.53.44 99.99.99
11 20 1 1 08.13.99 08.15.55 08.22.13 08.19.19 08.20.22
11 21 1 1 08.39.01 08.41.10 08.47.18 08.43.97 08.44.91
11 22 1 1 09.04.51 09.05.21 09.12.35 09.07.91 09.09.91
11 23 1 1 09.30.01 09.30.72 09.40.40 09.33.92 09.35.90
11 26 1 0 10.45.55 10.47.90 10.55.21 10.50.74 99.99.99
11 27 2 2 11.11.05 11.12.76 00.26.01 11.15.73 11.17.53
11 28 1 1 11.45.66 11.47.04 11.56.92 11.49.58 11.52.68
11 29 2 1 1 12.10.69 12.12.72 12.19.60 12.17.73 12.18.30
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Table 10. Reaching Data from Infants Twelve through Fourteen Time is
given m mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
D /Vd Y 1
OOOOOOOOWOOOCOOOOOC
sDmcr# # LOOK REACH CON-
TACTS
TIME TIME AWAY
TIME
TIME TIME
12 '"'i 1 1
"OUjOT^T™'
12 2 2 1 1 00.25.50 00.28.97 00.29.32 nn 4« 00.31.12
12 3 1 1 1 00.51.00 00.54.89 01.00.58 00.57.76 00.58.53
12 4 2 1 1 01.16.50 01.19.06 01.22.97 01.31.04 01.31.84
12 9 3 0 0 00.00.00 00.04.62 00.07.73 99 99 99 99.99.99
12 10 3 0 0 00.25.03 00.27.40 00.29.70 99 99 99 99.99.99
12 12 1 1 1 01.15.56 01.19.60 01.30.18 01.25.01 ni o/i o'?Ul .2.0.1/
12 13 1 1 1 01.40.59 01.44.91 01.55.82 01.51.05 01.51.78
12 17 1 1 1 03.20.71 03.26.14 03.32.08 03.29.05 03.29.55
12 18 1 1 1 03.46.21 03.49.53 03.57.47 03.54.60 03.55.43
12 19 1 2 2 04.11.71 04.17.43 04.29.28 04.21.33 04.21.84
12 21 1 1 05.01.76 05.04.62 05.09.26 05.21.57 05.22.24
12 22 1 0 0 05.26.79 05.30.93 05.35.27 99.99.99 99.99.99
13 1 1 2 2 00.00.00 00.00.80 00.18.55 00.06.90 00.08.17
13 2 1 1 1 00.25.03 00.28.44 00.33.98 00.32.79 00.33.62
13 3 1 2 2 00.50.53 00.53.26 01.09.35 00.58.64 00.59.00
13 4 2 2 01.16.03 01.16.44 01.30.42 01.22.98 01.23.48
13 7
^
1 1 02.32.06 02.32.86 02.39.43 02.36.19 02,36.66
13 8 1 1 02.57.56 02.59.47 03.08.87 03.02.90 03.03.37
13 11 1 1 1 04.12.64 04.14.49 04.22.29 04.17.06 04.17.83
13 12 1 1 1 04.38.14 04.40.37 04.45.05 04.42.95 04.43.71
13 15 1 1 1 05.53.70 05.56.59 06.01.03 05.58.69 05.59.63
13 16 1 1 1 06.19.20 06.21.60 06.26.14 06.23.90 06.24.50
13 20 1 1 1 08.00.26 08.01.95 08.09.54 08.06.00 08.06.57
13 21 1 1 1 08.25.58 08.27.55 08.46.04 08.32.06 08.32.56
13 22 1 1 1 08.50.78 08.52.60 08.57.70 08.54.53 08.56.90
14 1 1 2 2 00.00.00 00.03.19 00.19.08 00.04.43 00.05.46
14 2 I 1 1 00.25.50 00.28.95 00.33.42 00.29.81 00.30.52
14 3 3 3 00.50.53 00.53.12 01.09.64 00.53.96 00.55.74
14 4 1 1 01.15.56 01.19.33 01.34.41 01.19.70 01.20.70
14 7 3 2 02.31.60 02.33.64 02.42.62 02.34.47 99.99.99
14 8 2
r%
I no c 7 1
A
Uz.O/.lO no CT ^tr r\n no n m nn 03.02.92
14 11 2 2 04.13.13 04.16.35 04.32.23 04.17.08 04.18.22
14 12 1 1 04.38.16 04.39.81 04.57.67 04.41.65 04.43.18
14 15 2 2 05.53.70 05.55.88 06.13.70 05.57.11 05.58.55
14 16 2 2 06.18.72 06.21.13 06.28.20 06.23.77 06.25.00
14 19 1 1 07.34.27 07.35.19 07.42.35 07.38.44 07.39.41
14 20 1 1 07.59.30 08.01.41 08.06.82 08.02.41 08.03.81
14 25 1 1 10.05.39 10.09.36 10.13.33 10.09.73 10.10.51
14 26 1 1 10.30.42 10.32.32 10.36.36 10.32.89 10.35.43
14 29 1 1 11.45.98 11.49.19 12.05.72 11.50.61 11.52.44
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Table 11. Reaching Data from Infants Fifteen through Sixteen. Time is given
in minutes, seconds, and milliseconds (99.99.99 indicates missing data).
#
"15
# LOOK REACH CON-
TACTS
TIME
LvJOK.
TIME AWAY
TIME
REACH
TIME
CONTACT
TIME
1 i uu.uu.uo 00.02.78 00.14.73 00.10.69™^^ooTTsr"
15 2 1 2 11 nr\ oc r\oUU.25.03 00.27.73 00.40.51 00.34.68 99.99.99
15 3 1 1 1 nn cn nz: 00.51.71 01.03.92 00.59.58 01.00.18
15 4 1 1 1I m 1 c no 01.16.98 01.39.17 01.24.35 01 ,25.49
15 7 1 n no 'jn 1 QUZ.JU. lo 02.32.53 02.49.91 99.99.99 99.99.99
15 8 1 1 n no i^tr 01UZ.DD.Zl 02.57.01 03.20.71 03.12.62 99.99.99
15 9 2 nu n'l on 71Uo.ZU./
1
AO oo 1 r\03.22.19 03.27.38 99.99.99 99.99.99
15 1
1
U4.iU./D 04.13.54 04.20.62 04.22.32 04.23.02
15 12 2 nyl r\A o o '^o04.38.72 04.43.92 04.45.32 99.99.99
15 14 2 05.26.79 05.28.36 05.33.94 99.99.99 99.99.99
15 15 1 1 05.51.82 06.02.41 06.11.15 06.07.01 06.07.95
15 1
6
2 1 n^; 1 ^; fit; 1 0 ocDo. 10.35 r\/' OI ro06.21.52 06.25.36 06.26.32
15 1
9
2 1 nv 11 /ii n7 oo oiU/.33.31 07.39.61 07.46.15 07.46.79
15 20 1 1 fl7 C7 /lO n7 CQ "70U/.DO./j r\0 OA08.07.90 AO r\ A o
^
08.04.27 08.05.23
1 5 21 1 1 no 00 QlUo.ZZ.70 HQ OO 70 AO O C /'A08.35.60 AO OA c r\08.29.50 08.30.21
1 5 1 1 nc /IB /lo no AO 7Q no c/i /in08.56.40 AO CO Oi~7U8.53.97 08.54.69
1 o 1 1 1 nn nn nnuu.uu.uu nn no oo nn no qi AA AO AA AA A**?00.09.07
1 D 9 1 1 nn OK mUU.ZD. nn 07 enUU.Z/.oU nn 0^ ooUU.36.38 AA O O /ITUU.Jv3.47 AA O >1 1100.34.11
1 (^i D a 1 nn c;n n^ nn i;o 01 ni 1 c: nQ AA CA Tl AA CO AOUU.5o.4o
1 f>I D 4*i 1 1 ni 1 R nQ ni 1 7 01Ui . i / .Zl ni 07 70Ul .z/./Z ni '7c: ni 0/1 ccUl.z4.0D
i O eo no c;^; (^0UZ.DD.DZ no R7 fto no 00 1
0
UJ.ZZ. IZ ni ni Qi AO AO Ar\Uvi.UZ.4U
1 0 1 11 1 nA 19 18 n/i 1 /I A/1U4. i4.04 n/i ^Q AAU4. 17.44 r\A 1 a o'7U4.1D.O/
1 £i
I o 1 o1 z U4.vi/.D0 Hyi ^ n O 104.40.31 r\A CI o^04.51.36 A v1 >4 O 0
1
04.42.81 04.44.04
16 15 05.53.23 05.55.16 06.07.57 05.57.46 05.58.19
16 16 06.18.73 06.20.49 06.30.50 06.23.26 06.23.92
16 19 07.34.29 07.35.87 07.54.18 07.40.34 07.41.17
16 20 07.59.79 08.03.59 08.06.80 08.04.36 08.06.33
16 22 08.49.84 08.51.66 09.00.47 08.54.73 08.55.40
16 23 09.14.87 09.15.85 09.40.37 09.19.82 09.20.62
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Table 12. Reaching Data from Infants Seventeen through Eighteen. Time is
given in minutes, seconds, and milliseconds (99.99.99 indicates missing data).
# #
« # #
LOOK REACH CON-
^
TACTS
sTaKt
i ilVic
^TobK
i iMh
"^Tooir^
AWAY
TIME
TIME
CONTACT
TIME
'17"""
1 ToMoo™^ oo^oSTt"""ootoiTSs™""MosTIs™"
17 2 1 00.25.50 00.30.50 00.34.54 00.31.20 00.32.81
17 3 1 00.50.53 00.55.69 00.59.23 00.57.16 00.57.58
17 4 1 01.15.56 01.19.55 01.24.57 01.22.06 01.23.46
17 10 2 03.46.92 03.48.57 03.55.41 04.05.98 04.07.89
17 11 2 04.12.42 04.15.77 04.24.48 04.27.72 04.28.02
17 12 2 04.37.92 04.39.94 04.45.95 04.47.32 04.48.42
17 14 2 2 05.28.92 05.32.08 05.42.83 05.37.39 99.99.99
17 15 3 0 0 05.53.95 05.55.91 06.03.82 99.99.99 99.99.99
17 16 2 0 0 05.18.98 05.21.04 05.26.91 99.99.99 99.99.99
17 17 2 0 0 06.44.48 06.46.79 06.51.30 99.99.99 99.99.99
17 18 2 0 0 07.09.98 07.12.73 07.18.98 99.99.99 99.99.99
17 19 1 1 1 07.35.00 07.36.48 07.49.68 07.41.71 07.42.98
17 20 2 0 0 08.00.50 08.00.92 08.07.50 99.99.99 99.99.99
17 21 1 1 1 08.26.00 08.26.41 08.38.95 08.34.97 08.36.12
17 24 1 1 1 09.42.50 09.45.22 09.50.29 09.49.03 09.50.09
17 25 2 1 1 10.07.53 10.09.31 10.13.48 10.17.09 10.17.59
17 26 2 0 0 10.33.03 10.34.57 10.41.21 99.99.99 99.99.99
17 27 1 0 0 10.58.53 11.00.84 11.05.38 99.99.99 99.99.99
17 28 1 1 1 11.23.55 11.25.76 11.33.04 11.30.67 11.31.01
18 2 2 2 2 00.25.03 00.27.15 00.35.63 00.29.26 00.30.02
18 3 1 1 1 00.50.06 00.55.52 01.07.57 00.56.72 00.57.19
18 4 1 1 1 01.15.08 01.18.42 01.27.06 01.19.09 01.20.25
18 7 2 2 2 02.31.11 02.34.46 02.40.80 02.35.56 02.39.13
18 8 1 1 1 02.56.13 02.58.99 03.04.43 03.00.12 03.01.16
18 11 1 2 2 04.12.16 04.14.93 04.24.07 04.16.16 01.16.73
18 12 1 1 1 04.37.19 04.39.25 04.45.16 04.40.90 04.41.82
18 14 1 1 1 05.27.25 05.29.57 05.36.08 05.30.57 05.32.14
18 15 1 1 1 05.52.27 05.53.80 06.03.14 05.57.27 05.58.64
18 17 1 2 1 06.42.33 06.45.32 06.53.24 06.47.35 99.99.99
18 18 1 1 1 07.07.36 07.08.97 07.18.34 07.12.67 07.13.47
18 20 2 0 0 07.57.88 08.00.66 08.04.26 99.99.99 99.99.99
18 21 1 1 1 08.22.11 08.25.09 08.30.38 08.27.46 08.28.70
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Table
given
13. Reaching Data from Infants Nineteen through Twenty. Time is
in minutes, seconds, and milliseconds (99.99.99 indicates missing data).
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20
20
1
2
3
4
8
9
14
17
18
21
22
1
2
3
4
7
8
11
CON-
TACTS
2
2
1
2
00.00.00
00.25.50
00.51.00
01.16.50
02.57.56
03.22.59
05.53.25
07.09.27
07.34.30
08.50.80
08.16.30
00.00.00
00.25.03
00.50.53
01.16.03
02.32.05
00.03.22
00.30.00
00.55.67
01.19.56
02.59.57
03.26.03
05.55.95
07.11.49
07.37.46
08.53.66
08.20.76
00.02.67
00.27.36
00.52.90
00.19.26
02.33.34
00.20.37
00.43.91
01.02.01
01.30.24
03.05.65
03.30.89
06.01.19
07.14.54
07.41.80
08.58.23
08.22.43
00.16.58
00.42.51
01.05.35
00.23.87
02.42.42
00.12.86
00.30.30
00.56.03
01.21.37
03.01.94
03.26.77
05.56.86
07.13.51
07.38.80
08.54.19
08.28.07
00.07.10
00.31.43
01.01.19
99.99.99
02.40.48
00.13.46
00.31.33
00.56.77
01.22.00
02.02.68
03.27.50
05.58.12
07.14.24
07.40.27
08.55.59
08.28.60
00.07.74
00.42.51
01.02.51
99.99.99
02.41.58
02.57.55 02.59.69 03.07.06 99.99.99 99.99.99
04.13.11 04.15.35 04.27.63 99.99.99 99.99.99
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Table 14. Reach Latency Data from Infants One through Three. Time is givenm mmutes, seconds, and miUiseconds (99.99.99 indicates missing data).
BABY
#
UAL LOOK LOOK INITIATE CONTACT CONTACT
# LATENCY LENGTH T ATFMPY LA I tl\^_ Y LATENCY
FROM TRIAL FROM TRIAL PROM rKUM 1 IvlAL
START START LOOK START
1 00.04.13 00.13.21 00.04.39 00 00 26 on m 97
2 00.02.78 00.08.28 00.04.49 00.01.71 00 ni ^ft
5 00.02.94 00.08.04 00.04.11 00.01.17 nn ni haUU.U 1 .uo
8 00.02.36 00.09.78 00.04.60 00.02.24 00.01.60
10 00.01.40 00.15.15 00.04.00 00.02.60 00.01.34
13 00.00.00 00.07.52 00.01.98 00.01.98 00.02.90
14 00.01.09 00.09.38 00.03.33 00.02.24 00.02.03
16 00.00.66 00.07.73 00.02.66 00.02.00 00.02.07
17 00.00.25 00.09.78 00.02.92 00.02.67 00.01.91
19 00.01.10 00.06.24 00.03.89 00.02.79 00.01.72
20 00.00.64 00.08.24 00.03.84 00.03.20 00.02.14
2 1 00.01.42 00.07.31 00.07.83 00.06.41 00.00.43
2 2 00.01.31 00.15.48 00.09.65 00.08.34 00.00.43
2 5 00.03.21 00.08.11 00.05.18 00.01.97 00.00.80
2 6 00.02.10 00.05.84 00.04.24 00.02.14 99.99.99
2 9 00.01.66 00.10.11 00.04.97 00.03.31 00.00.50
2 10 00.02.57 00.05.67 00.06.01 00.03.44 00.01.06
2 13 00.02.73 00.07.84 00.05.27 00.02.54 00.00.43
2 14 00.01.41 00.06.37 00.05.22 00.03.81 00.00.26
2 17 00.03.11 00.14.85 00.06.71 00.03.60 00.01.04
2 18 00.02.26 00.08.71 00.04.93 00.02.67 00.00.90
3 1 00.02.11 00.11.18 99.99.99 99.99.99 99.99.99
3 2 00.03.88 00.07.61 00.07.18 00.03.30 00.01.70
3 3 00.01.78 00.09.18 00.08.15 00.06.37 00.01.27
3 4 00.01.91 00.05.58 00.11.59 00.00.57 00.01.57
3 9 00.01.70 00.00.97 00.06.10 00.02.80 00.01.17
3 11 00.02.65 00.04.87 00.05.88 00.03.23 00.00.67
3 14 00.02.64 00.08.74 00.05.78 00.03.14 00.02.63
3 15 00.02.31 00.07.21 00.05.42 00.03.11 00.01.30
3 19 00.02.41 00.10.91 00.05.68 00.03.27 00.00.90
3 20 00.02.62 00.03.97 00.05.59 00.02.97 00.00.33
3 25 00.02.81 00.09.61 00.05.54 00.02.73 00.01.20
3 26 00.02.95 00.06.67 00.07.15 00.04.20 00.01.44
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Table 15. Reach Latency Data from Infants Four through Six. Time is given
in mmutes, seconds, and milHseconds (99.99.99 indicates missing data).
ABY TRIAL LOOK LOOK INITIATE CONTACT^ CONTACT
U # LATENCY LENGTH LATENCY LATENCY LATENCY
rKOM TRIAL FROM TRIAL FROM FROM TRIALCT A DT START LOOK START
At 1 UU.Uo.l / f\f\ r\A r" -t00.04.51 00.12.45 00.00.04 00.00.93
At c\t\ tyi r/1 r\r\ f\A ii00.04.74 00.11.08 t\t\ no onUU.Uz.z9 00.00.50
4 3 00.03.56 00.16.85 00.08.87 00.05.31 00.01.27
4 4 00.03.81 00.12.95 00.06.48 00.02.67 00.01.25
At 7 UU.U'i.lO Ulj.Uo.64 00.06.82 00.02.64 00.02.53
4. eo nn no 7SUU.UZ./o UU.U5.J4 00.06.35 00.03.57 00.00.84
At 11 nn ni oi UU.Uo.17 00.06.21 00.04.30 99.99.99
At 19 nn m i^aUU.UZ.OO UU.Ub.lU C\I\ f\f\ l\.t\99.99.99 99.99.99 99.99.99
At 110 nn m qiUU.UZ.ol nn nyi a o00.04.43 €\f\ r\r\ ryfx99.99.99 99.99.99 99.99.99
C0 1 nn no i a nn n>i ai00.04.01 00.08.77 00.00.13 00.01.33
e0 nn (\AUU.U4.0D t\r\ rjrr00.02.77 00.09.79 00.01.23 00.00.77
co -Jo nn nQ a c 00.14.28 00.08.16 00.04.71 00.01.27
eD /I nri MO CO\)\).\)6.dI f\r\ -in CO00.15.58 00.07.85 00.04.33 00.01.04
e0 / C\l\ (\A 00.10.84 00.08.94 00.04.03 00.00.67
0 QO nn m uaUU.UZ.o4 noU0.U8.07 r\f\ i—tt00.07.71 00.05.07 00.00.83
e0 1 111 lY^ oo\j\).\)L.L6 t\/\ /\A nrjUU.U4.87 f\f\ f\f\00.07.90 00.05.67 00.00.67
5 12 00.02.56 00.06.87 00.07.40 00.04.84 00.00.93
5 14 00.01.76 00.17.15 00.07.03 00.05.27 00.00.80
5 15 00.02.63 00.06.97 00.07.07 00.04.44 00.00.90
5 18 00.06.26 00.03.33 00.07.49 00.01.23 00.00.94
5 19 00.02.57 00.19.59 00.07.17 00.04.60 00.00.67
5 20 00.03.82 00.07.91 00.08.01 00.04.19 00.00.59
5 21 00.02.25 00.06.61 00.07.21 00.04.96 00.00.51
6 1 00.05.68 00.10.08 00.06.28 00.00.60 00.01.21
6 2 00.03.60 00.06.91 00.07.24 00.03.64 00.00.40
6 3 00.02.82 00.13.51 00.09.69 00.06.87 00.01.00
6 4 00.01.42 00.10.95 00.04.96 00.03.54 00.01 .04
6 7 00.05.66 00.09.14 00.08.16 00.02.50 00.01.24
6 8 00.03.51 00.07.48 00.08.76 00.05.25 00.01.08
6 11 00.02.55 00.09.27 00.08.75 00.06.20 00.01.44
6 12 00.02.28 00.05.37 00.05.38 00.03.10 00.01.54
6 15 00.03.27 00.09.64 00.08.21 00.04.94 00.00.40
6 16 00.02.48 00.08.95 00.07.19 00.04.71 00.00.90
6 18 00.02.21 00.09.54 00.06.38 00.04.17 00.01.73
6 19 00.02.10 00.13.78 00.06.57 00.04.47 00.01.60
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Table 16. Reach Latency Data from Infants Seven through Nine. Time is
given in minutes, seconds, and miUiseconds (99.99.99 indicates missing data).
BABY
#
TRIAL
#
LOOK
LATENCY
FROM TRIAL
START
LOOK
LENGTH
TNITT ATF
LATENCY
FROM TRIAL
START
T ATFNCY
FROM
LOOK
L.UN 1 AC 1
LA. 1 CInL. Y
FROM TRT AT
START
7 00.02.59 00.10.98 00~!05.16" 00.02.57 00~o6^87
7 2 00.03.32 00.10.51 00.03.85 00.00.53 00.01.27
7 3 00.04.07 00.10.27 00.04.70 00.00.63 00.02.64
7 4 00.03.50 00.12.12 00.04.40 00.00.90 00.02.34
7 7 00.02.59 00.07.14 00.02.99 00.00.40 00.02.03
7 8 00.02.42 00.05.87 00.04.19 00.01.77 00.01.50
7 10 00.02.65 00.06.84 00.03.45 00.00.80 00.01.27
7 11 00.02.06 00.15.65 00.07.07 00.05.01 00.00.40
7 12 00.02.08 00.05.79 00.03.81 00.01.73 00.00.84
8 1 00.08.84 00.02.51 99.99.99 99.99.99 99.99.99
8 2 00.01.16 00.07.08 00.13.54 00.02.30 00.01.09
8 3 00.01.14 00.17.52 00.04.48 00.03.34 00.04.84
8 4 00.01.21 00.12.13 00.07.38 00.06.17 00.01.20
8 7 00.00.82 00.13.69 00.04.56 00.03.74 00.02.81
8 8 00.01.31 00.14.68 00.02.88 00.01.57 00.02.07
8 11 00.00.92 00.07.71 00.07.53 00.06.61 99.99.99
8 12 00.00.99 00.16.52 00.07.66 00.06.67 00.01.61
8 15 00.00.04 00.16.02 00.06.88 00.06.84 00.01.84
8 16 00.00.52 00.06.31 00.09.16 00.00.70 00.00.50
8 18 00.07.59 00.10.44 00.07.69 00.00.10 00.01.66
8 19 00.00.90 00.07.28 00.09.41 00.00.40 00.00.93
8 20 00.00.28 00.18.38 00.08.05 00.07.77 00.01.24
9 1 00.02.80 00.10.74 00.05.53 00.02.73 00.00.84
9 2 00.02.28 00.03.90 00.04.65 00.02.37 00.00.93
9 3 00.01.25 00.09.61 00.05.42 00.04.17 00.01.23
9 4 00.02.51 00.05.14 00.04.65 00.02.14 00.00.97
9 7 00.03.10 00.07.94 00.05.67 00.02.57 00.01.10
9 8 00.02.22 00.07.74 00.03.65 00.01.43 99.99.99
9 11 00.02.03 00.06.70 00.06.53 00.04.50 00.00.83
9 12 00.02.47 00.06.04 00.04.74 00.02.27 00.01.67
9 13 00.01.90 00.10.64 00.05.17 00.03.27 00.01.50
9 16 00.01.46 00.06.74 00.05.36 00.03.90 00.00.50
9 17 00.01.47 00.11.14 00.05.90 00.04.43 00.00.58
9 21 00.01.79 00.07.77 00.05.56 00.03.77 00.00.83
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Table 17. Reach Latency Data from Infants Ten through Eleven Time isgiven in minutes, seconds, and milliseconds (99.99.99 indicates missing data).
BABY TRIAL LOOK
LATENCY
FROM TRIAL
LOOK
LENGTH
START
1 00.02.01 00.18.08
1 n L 00.03.68 00.12.74
1 n Qo 00.01.58 00.05.28
lU 5 00.01.50 00.19.68
10 8 00.02.90 00.05.90
10 9 00.01.25 00.10.55
10 12 00.01.22 00.17.52
10 13 00.01.86 00.06.71
10 16 00.01.36 00.09.54
10 17 00.01.08 00.09.14
10 20 00.00.63 00.07.27
10 21 00.01.50 00.07.91
10 22 00.02.75 00.02.97
10 23 00.01.45 00.06.60
INITIATE CONTACT POMT APT
LATENCY
I ATFNPY
FROM TRIAL FROM FROM TRIAL
START LOOK START
00.04.31 00.02.30 00.00.67
00.04.71 00.01.03 00.00.33
00.03.22 00.01.64 00.01.40
00.02.83 00.01.33 99.99.99
00.02.79 00.00.70 99.99.99
00.03.02 00.01.77 00.01.60
00.03.59 00.02.37 00.01.00
00.03.33 00.01.47 00.01.27
00.03.10 00.01.74 00.01.13
00.02.74 00.01.66 00.02.14
00.02.86 00.02.23 00.01.40
00.02.24 00.00.74 00.02.80
00.03.99 00.01.24 00.00.50
00.02.18 00.00.73 00.02.20
11 1 00.02.32 00.13.95 00.12.06 00.09.74 00.01.14
11 2 00.02.23 00.07.41 00.12.27 00.00.03 00.00.51
11 3 00.02.28 00.06.04 99.99.99 99.99.99 99.99.99
11 4 00.00.58 00.06.91 99.99.99 99.99.99 99.99.99
11 7 00.02.42 00.14.12 00.09.83 00.07.41 99.99.99
11 8 00.01.04 00.07.84 99.99.99 99.99.99 99.99.99
11 11 00.02.35 00.05.40 00.17.60 00.01.87 99.99.99
11 12 00.02.68 00.05.14 99.99.99 99.99.99 99.99.99
11 16 00.02.64 00.08.31 99.99.99 99.99.99 99.99.99
11 18 00.00.79 00.09.74 00.07.53 00.06.74 00.00.90
11 19 00.02.21 00.08.58 00.04.48 00.02.27 99.99.99
11 20 00.01.56 00.06.58 00.05.20 00.03.64 00.01.03
11 21 00.02.09 00.06.08 00.04.96 00.02.87 00.00.94
11 22 00.00.70 00.07.14 00.03.40 00.02.70 00.02.00
11 23 00.00.71 00.09.68 00.03.91 00.03.20 00.01.98
11 26 00.02.35 00.07.31 00.05.19 00.02.84 99.99.99
11 27 00.01.71 00.13.25 00.04.68 00.02.97 00.01.80
11 28 00.01.38 00.09.88 00.03.92 00.02.54 00.03.10
11 29 00.02.03 00.06.88 00.07.04 00.05.01 00.00.57
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Table 18. Reach Latency Data from Infants Twelve through Fourteen. Time
BABY
#
TRIAL
#
LOOK
LATENCY
FROM TRIAL
LOOK
LENGTH
INITIATE CONTACT CONTACT
LATENCY LATENCY LATENCY
FROM TRIAL FROM FROM TRIAL
00.06.69 00.00.85 00.00.87
00.04.98 00.00.43 00.00.64
00.06.76 00.02.87 00.00.77
00.14.54 00.06.17 00.00.80
99.99.99 99.99.99 99.99.99
99.99.99 99.99.99 99.99.99
00.09.45 00.05.41 00.01.26
00.10.46 00.06.14 00.00.73
00.08.34 00.02.91 00.00.50
00.08.39 00.05.07 00.00.83
00.09.62 00.03.90 00.00.51
00.19.81 00.00.53 00.00.67
99.99.99 99.99.99 99.99.99
12
12
12
12
12
12
12
12
12
12
12
12
12
1
2
3
4
9
10
12
13
17
18
19
21
22
00.05.84
00.03.47
00.03.89
00.02.56
00.04.62
00.02.37
00.04.04
00.04.32
00.05.43
00.03.32
00.05.72
00.02.86
00.04.14
00.04.02
00.00.35
00.05.69
00.03.91
00.03.11
00.02.30
00.10.58
00.10.91
00.05.94
00.07.94
00.11.85
00.04.64
00.04.34
13 1 00.00.80 00.17.75 00.06.90 00.06.10 00.01.27
13 2 00.03.41 00.05.54 00.07.76 00.04.35 00.00.83
13 3 00.02.73 00.16.09 00.08.11 00.05.38 00.00.36
13 4 00.00.41 00.13.98 00.06.95 00.06.54 00.00.50
13 7 00.00.80 00.06.57 00.04.13 00.03.33 00.00.47
13 8 00.01.91 00.09.40 00.05.34 00.03.43 00.00.47
13 11 00.01.85 00.07.80 00.04.42 00.02.57 00.00.77
13 12 00.02.23 00.04.68 00.04.81 00.02.58 00.00.76
13 15 00.02.89 00.04.44 00.04.99 00.02.10 00.00.94
13 16 00.02.40 00.04.54 00.04.70 00.02.30 00.00.60
13 20 00.01.69 00.07.59 00.05.74 00.04.05 00.00.57
13 21 00.01.97 00.18.49 00.06.48 00.04.51 00.00.50
13 22 00.01.82 00.05.10 00.03.75 00.01.93 00.01.47
14 1 00.03.19 00.15.89 00.04.43 00.01.24 00.01.03
14 2 00.03.45 00.04.47 00.04.31 00.00.86 00.00.71
14 3 00.02.59 00.16.52 00.03.43 00.00.84 00.01.78
14 4 00.03.77 00.15.08 00.04.14 00.00.37 00.01.00
14 7 00.02.04 00.08.98 00.02.87 00.00.83 99.99.99
14 8 00.00.55 00.11.67 00.03.22 00.02.67 00.02.60
14 11 00.03.22 00.15.88 00.03.95 00.00.73 00.01.14
14 12 00.01.65 00.17.86 00.03.49 00.01.84 00.01.53
14 15 00.02.18 00.17.82 00.03.41 00.01.23 00.01.44
14 16 00.02.41 00.07.07 00.05.05 00.02.64 00.01.23
14 19 00.00.92 00.07.16 00.04.17 00.03.25 00.00.97
14 20 00.02.11 00.05.41 00.03.11 00.01.00 00.01.40
14 25 00.03.97 00.03.97 00.04.34 00.00.37 00.00.78
14 26 00.01.90 00.04.04 00.02.47 00.00.57 00.02.54
14 29 00.03.21 00.16.53 00.04.63 00.01.42 00.01.83
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Table 19. Reach Latency Data from Infants Fifteen through Sixteen Time is
given in minutes, seconds, and milliseconds (99.99.99 indicates missing data).
A.BY TRIAL LOOK LOOK INITIATE CONTACT CONTACT
# # LATENCY LENGTH LATENCY LATENCY LATENCYFROM TRIAL FROM TRIAL FROM FROM TRIAL
START START LOOK START
1 cId
-1
1
t^f\ f\n p^<*»00.02.78 00.11.95 00.10.69 00.07.91 00.00.64
1 c15 2 00.02.70 00.12.78 00.09.65 00.06.95 99.99.99
1 c 3 00.01.65 00.12.21 00.09.52 00.07.87 00.00.60
Id 4 00.01.89 00.22.19 00.09.26 00.07.37 00.01.14
Id 7 00.02.35 00.17.38 99.99.99 99.99.99 99.99.99
Id Q f\f\ r\i on00.01.80 00.23.70 00.17.41 00.15.61 99.99.99
1 cID Q 00.01 .48 00.05.19 99.99.99 99.99.99 99.99.99
1 cID 11 AA AT ^000.02.78 00.07.08 00.11.56 00.08.78 00.00.70
1 cId iz AA AO AO00.02.93 00.05.20 00.09.53 00.00.07 99.99.99
Id 1 /I14 00.01 .57 00.05.58 99.99.99 99.99.99 99.99.99
15 15 00.10.59 00.08.74 00.15.19 00.04.60 00.00.94
15 16 00.01.50 00.03.17 00.08.51 00.02.17 00.00.96
15 19 00.01.88 00.06.30 00.14.72 00.01.70 00.00.64
15 20 00.01.30 00.09.17 00.06.84 00.05.54 00.00.96
15 21 00.00.80 00.11.87 00.06.57 00.05.77 00.00.71
15 22 00.01.36 00.06.61 00.05.54 00.04.18 00.00.72
16 1 00.03.33 00.06.58 00.08.66 00.05.33 00.00.41
16 2 00.02.77 00.08.58 00.08.44 00.05.67 00.00.64
16 3 00.03.15 00.21.88 00.04.65 00.01.50 00.03.77
16 4 00.02.12 00.10.51 00.08.66 00.06.54 00.00.80
16 8 00.01.21 00.24.29 00.05.21 00.04.00 00.00.57
16 11 00.02.46 00.04.80 00.03.46 00.01.00 00.01.23
16 12 00.02.63 00.11.05 00.05.13 00.02.50 00.01.23
16 15 00.01.93 00.12.41 00.04.23 00.02.30 00.00.73
16 16 00.01.76 00.10.01 00.04.53 00.02.77 00.00.66
16 19 00.01.58 00.18.31 00.06.05 00.04.47 00.00.83
16 20 00.03.80 00.03.21 00.04.57 00.00.77 00.01.97
16 22 00.01.82 00.08.81 00.04.89 00.03.07 00.00.67
16 23 00.00.98 00.24.52 00.04.95 00.03.97 00.00.80
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Table 20. Reach Latency Data from Infants Seventeen through Eighteen.
Time IS given in minutes, seconds, and milhseconds (99.99.99 indicates
missing data).
iKiAL LUUR LOOK INITIATE CONTACT CONTACT
U u 1 ATFNCY T FKTr^THLClNVj 1 ri LAI bNCY LATENCY LATENCY
FROM TRIAL ri\v^M 1 IvlAL rKOM FROM TRIAL
START START CT* A Fl'T'
00 04 63 no ni nn nn ocUU.UU.o5
17 2 00.05.00 00.04.04 00 O'S 70 on nn 70 UU.Ul .oi
17 3 00.05.16 00.03.54 00 06 63 no ni 4.7 nn nn /lo
17 4 00.03.99 00.05.02 00.06.50 00 09 "il nn ni An
17 10 00.01.65 00.06.84 00.19.06 00 09 Q'^ fin ni QiUU.Ul .71
17 11 00.03.35 00.08.71 00.15.30 00 09 77 nfi nn 'xc\
17 12 00.02.02 00.06.01 00.09.40 00 00 21 0(1 01 1
0
17 14 00.03.16 00.10.75 00.08.47 00.05.31 99 99 99
17 15 00.01.96 00.07.91 99.99.99 99.99.99 99 99 99y y . / J .y J
17 16 00.02.06 00.05.87 99.99.99 99.99.99 99 99 99
17 17 00.02.31 00.04.51 99.99.99 99 99 99 99 99 9Qy y . yy .yy
17 18 00.02.75 00.06.25 99.99.99 99.99.99 99.99.99
17 19 00.01.48 00.13.20 00.06.71 00.05.23 00.01.27
17 20 00.00.42 00.06.58 99.99.99 99.99.99 99.99.99
17 21 00.00.41 00.12.54 00.08.97 00.08.56 00.01.15
17 24 00.02.72 00.05.07 00.06.53 00.03.81 00.01.06
17 25 00.01.78 00.04.17 00.09.56 00.00.04 00.00.50
17 26 00.01.54 00.06.64 99.99.99 99.99.99 99.99.99
17 27 00.02.31 00.04.54 99.99.99 99.99.99 99.99.99
17 28 00.02.21 00.07.28 00.07.12 00.04.91 00.00.34
18 2 00.02.12 00.08.48 00.04.23 00.02.11 00.00.76
18 3 00.05.46 00.12.05 00.06.66 00.01.20 00.00.47
18 4 00.03.34 00.08.64 00.04.01 00.00.67 00.01.16
18 7 00.03.35 00.06.34 00.04.45 00.01.10 00.03.57
18 8 00.02.86 00.05.44 00.03.99 00.01.13 00.01.04
18 11 00.02.77 00.09.14 00.04.00 00.01.23 00.00.57
18 12 00.02.06 00.05.91 00.03.71 00.01.65 00.00.92
18 14 00.02.32 00.06.51 00.03.32 00.01.00 00.01.57
18 15 00.01.53 00.09.34 00.05.00 00.03.47 00.01.37
18 17 00.02.99 00.07.92 00.05.02 00.02.03 99.99.99
18 18 00.01.61 00.09.37 00.05.31 00.03.70 00.00.80
18 20 00.02.78 00.03.60 99.99.99 99.99.99 99.99.99
18 21 00.02.98 00.05.29 00.05.35 00.02.37 00.01.24
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Table 21. Reach Latency Data from Infants Nineteen through Twenty Time
IS given in minutes, seconds, and milliseconds (99.99.99 indicates missing
data). °
BABY TRIAL LOOK
# # LATENCY
FROM TRIAL
LOOK INITIATE
LENGTH LATENCY
FROM TRIAL
CONTACT CONTACT
LATENCY
FROM
LATENCY
FROM TRIAL
b i AR
1
START LOOK
W.Vj.AZ. 00.17.15 00.12.86 00.09.64 00.00.60
19 2 00.04.50 00.13.91 00.04.80 00.00.30 00.01.03
19 3 00.04.67 00.06.34 00.05.03 00.00.36 00.00.74
19 4 00.03.06 00.10.68 00.04.87 00.01.81 00.00.63
19 8 00.02.01 00.06.08 00.04.38 00.02.37 00.00.74
19 9 00.03.44 00.04.86 00.04.18 00.00.74 00.00.73
19 14 00.02.70 00.05.24 00.03.61 00.00.91 00.01.26
19 17 00.02.22 00.03.05 00.04.24 00.02.02 00.00.73
19 18 00.03.16 00.04.34 00.04.50 00.01.34 00.01.47
19 21 00.02.86 00.04.57 00.03.39 00.00.53 00.0L40
19 22 00.04.46 00.01.67 00.11.77 00.02.70 00.00.53
20 1 00.02.67 00.13.91 00.07.10 00.04.43 00.00.64
20 2 00.02.33 00.15.15 00.06.40 00.04.07 00.0L50
20 3 00.02.37 00.12.45 00.10.66 00.08.29 00.01.32
20 4 00.03.23 00.04.61 99.99.99 99.99.99 99.99.99
20 7 00.00.84 00.09.08 00.07.98 00.07.14 00.01.10
20 8 00.02.14 00.07.37 99.99.99 99.99.99 99.99.99
20 11 00.02.24 00.12.28 99.99.99 99.99.99 99.99.99
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APPENDIX C
LOOKING DATA
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Table 22. Looking Data from Infants One through Six. Time is given in
mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
BABY
#
J. 1\1./T.L(
#
it J 1 AK 1
TP TAT
1 KlAL
FIRST
LOOK
TIME
LOOK
AWAY
LONGEST
LOOK
LONGEST
LOOK
T 01.52.71 01.47.47 01.52.71
T
/ 1 02.04.93 02.19.38 02.25.25 02.19.38 02.25.25
:
11 1 03.22.90 03.25.68 03.26.72 03.25.68 03.26.72
Iz 3 03.43.40 03.45.76 03.49.27 03.45.76 03.49.27
7
lo z 04.44.90 04.46.67 04.49.84 04.46.67 04.49.84
:
lo 4 05.46.40 05.47.94 05.52.11 05.47.94 05.52.11
Zl 3 06.47.90 06.49.27 06.55.35 06.49.27 06.55.35
3 06.20.40 06.21.70 06.25.23 06.21.70 06.25.23
3 3 02.31.13 02.33.28 02.33.42 02.34.12 02.44.29
2 4 3 02.56.15 02.58.85 03.06.69 02 58 85
2 7 3 04.12.18 04.14.37 04.23.34 04.14.37 04.23.34
Z Q0 4 r\A Tl04.37.21 04.39.83 04.42.37 04.50.61 04.56.08
L 11 3 f\C ^-105.53.71 05.56.33 06.00.13 05.56.33 06.00.13
L Iz 2 06.19.21 06.21.76 06.25.10 06.21.76 06.25.10
z 15 4 07.35.71 07.38.20 07.40.97 07.50.95 07.54.55
2. lo 2 08.01.21 08.03.97 08.06.88 08.03.97 08.06.88
3 0 4 02.07.03 02.09.54 02.13.05 02.09.54 02.13.05
7 3 02.32.06 02.35.06 02.36.39 02.35.06 02.36.39
12 3 04.38.15 04.40.38 04.43.82 04.51.33 04.56.63
13 3 05.03.65 05.06.09 05.09.69 05.06.09 05.09.69
3 16 4 06.20.15 06.22.90 06.25.97 06.36.18 06.40.99
3 17 4 06.45.65 06.48.91 06.51.31 06.56.75 07.00.49
3 21 3 08.26.71 08.28.83 08.31.33 08.41.34 08.46.24
3 23 1 09.19.04 09.21.81 09.19.04 09.21.81
4 5 4 01.41.53 01.44.68 01.47.08 01.49.38 01.52.05
4 6 3 02.06.56 02.09.61 02.12.64 02.23.75 02.29.16
4 9 2 03.22.58 03.24.28 03.30.38 03.24.28 03.30.38
4 10 4 03.47.61 03.49.93 03.50.46 03.50.93 03.56.26
4 13 2 05.02.69 05.05.84 05.09.09 05.10.25 05.28.19
5 5 2 01.41.05 01.44.42 01.48.79 01.44.42 01.48.79
5 6 2 nr\ r\/'02.06.07 02.08.58 02.14.45 02.08.58 02.14.45
5 9 2 03.21.15 03.23.37 03.30.81 03.23.37 03.30.81
5 10 2 03.46.65 03.51.03 03.58.60 03.51.03 03.58.60
5 13 2 05.02.68 05.05.29 05.09.02 05.05.29 05.09.02
5 16 1 06.17.75 06.19.60 06.36.99 06.19.60 06.36.99
5 17 1 06.43.25 06.47.38 07.03.03 06.47.38 07.03.03
D c; 4. 01 49 00 01 44 18 01 46 59 01.47.35 01 53 23
6 6 3 02.07.04 02.09.89 02.12.89 02.19.00 02.28.41
6 9 2 03.22.61 03.24.59 03.26.33 03.35.10 03.41.37
6 10 2 03.48.11 03.53.34 03.59.71 03.53.34 03.59.71
6 13 1 05.20.14 05.22.80 05.40.02 05.22.80 05.40.02
6 14 4 05.45.17 05.55.61 05.57.68 06.00.92 06.04.59
6 17 4 07.01.67 07.02.64 07.03.04 07.04.04 07.08.71
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Table 23. Looking Data from Infants Seven through Twelve. Time is givenm mmutes, seconds, and milliseconds (99.99.99 indicates missing data)
BABY
ff
TRIAL
#
#
LOOKS
START
TRIAL
FIRST
LOOK TIME
LOOK
AWAY
1 IMJb
7 5 2 01.41.06 ni AA 07 Ul.48.48
7 6 3 02 06 S6 m 07 QK no 1 c fin0Z.l5.79
7 9 3 03 23 06 O'X 1^ AO oo onUk3.zo.8U
7 13 2 05.04.12 0"^ flfi 88KJO ,\JO ,00 UD.lo.jy
8 5 3 01.41.06 01.42.71 01.48.25
8 6 4 02.06.09 02 12 18 no 1 "1 re
8 9 4 02.21.65 02.22.84 09 97 98uz.z/ .zo
8 10 4 03.47.15 03 53 81 O'X fi^
8 13 4 05.03.18 05 03 52 (T^ riQ 9^>
8 14 2 05.28.68 05 38 S'i 0"^ IQ AQ
8 17 3 06.44.23 06 45 35\J\J ,^\J nf> 4.8 09uu.to.uz
9 5 1 01.42.00 01.43.60 01.55.35
9 6 2 02.07.50 02.10.95 09 17 ^i'^WZ. 1 / .DO
9 9 2 03.23.05 03 25 31 0'^ '19 09
9 10 2 03.48.08 03 50 76 01 54 46
9 14 3 05.28.20 05.29.32 05 34 1 "1
9 15 3 05.53.70 05.55.83 06 04 70
9 18 2 07.09.28 07.10.59 07.14.36
10 6 2 01.54.40 01.54.79 01.55.32
10 7 2 02.19.42 02.20.42 02.25.04
10 10 4 03.35.44 03.38.84 03.41.44
10 11 4 04.00.34 04.02.70 04.04.30
10 14 4 05.16.37 05.17.39 05.20.96
10 15 3 05.41.87 05.43.58 05.46.42
10 18 1 06.58.37 07.14.75 07.18.15
10 19 3 07.23.87 07.25.31 07.27.91
11 5 4 01.55.25 01.58.22 02.02.32
11 6 3 02.20.75 02.22.67 02.29.87
11 9 3 03.36.30 03.39.20 03.43.00
11 10 4 04.01.33 04.04.80 04.06.80
11 13 4 05.16.90 05.19.68 05.22.58
11 14 4 05.42.40 05.44.87 05.49.31
11 17 3 06.58.43 07.00.92 07.07.80
11 24 3 09.55.03 09.55.62 10.03.96
11 25 4 10.20.05 10.22.08 10.25.38
LONGEST
LOOK
TIME
~OL44j07~
02.07.95
03.25.59
05.06.88
01.53.75
02.14.81
02.22.84
03.58.32
05.03.52
05.41.40
06.55.36
01.43.60
02.18.83
03.25.31
03.50.76
05.29.32
05.55.83
07.10.59
01.56.66
02.28.17
03.44.85
04.17.88
05.17.39
05.43.58
07.14.75
07.25.31
02.11.23
02.22.67
03.39.20
04.09.00
05.33.96
05.44.87
07.00.92
09.55.62
10.22.08
LONGEST
LOOK
AWAY
_jriME_
01.48.48
02.15.79
03.28.80
05.16.39
02.00.19
02.17.88
02.27.28
04.05.96
05.09.26
05.47.97
07.02.60
01.55.35
02.27.70
03.32.02
03.54.46
05.34.13
06.04.70
07.14.36
02.07.07
02.37.62
03.49.69
04.19.65
05.20.96
05.46.42
07.18.15
07.27.91
02.15.64
02.29.87
03.43.00
04.11.54
05.38.06
05.49.31
07.07.80
10.03.96
10.25.38
12 5 2 01.41.53 01.48.93 01.50.30 01.55.87 01.58.44
12 6 3 02.07.03 02.09.22 02.11.49 02.19.57 02.25.44
12 11 4 00.50.53 00.53.29 01.58.06 01.06.07 01.15.31
12 14 3 02.05.62 02.08.42 02.10.92 02.20.79 02.26.39
12 15 3 02.30.65 02.33.61 02.38.21 02.33.61 02.38.21
12 20 3 04.36.73 04.41.61 04.43.01 04.53.82 04.55.99
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Table 24. Looking Data from Infants Thirteen through Sixteen. Time is
given m mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
BABY TRIAL # START FIRST LOOK LONGEST LONGEST
# # LOOKS TRIAL LOOK TIME AWAY LOOK TIME LOOK
TIME AWAY
TIME
13 5 3 01.41.53 01.45.08 01.53.09 01.45.08 Tl .53.091 1i6 0 4 02.06.56 02.09.22 02.12.72 02.09.22 02.12.72
13 9 4 03.22.59 03.24.95 03.27.82 03.24.95 03.27.82
13 10 3 03.47.61 03.48.56 03 52 03 04.01.41 04.06.31
13 13 3 05.03.64 05.06.29 05 09 60 05.16.10 05.22.18
13 14 3 05.28.67 05.30.70 05.34.27 05.44.98 05.48.78
13 17 4 06.44.70 06.46.92 06.50.61 06.46.92 06.50.61
13 18 3 07.09.73 07.11.73 07.15.80 07.11.73 07.15.80
14 5 4 01.40.60 01.48.52 01.50.85 01.54.02 01.54.46
14 6 3 02.06.10 02.09.36 02.12.73 02.19.21 02.24.98
14 9 4 03.22.13 03.24.41 03.28.64 A At03.24.41 03.28.64
14 10 4 03.47.63 03.48.01 03.53.72 03.48.01 03.53.72
14 13 3 05.03.18 05.04.39 05.07.96 AC r\A '^C\05.04.39 05.07.96
14 14 3 05.28.20 05.30.41 05.33.65 05.30.41 05.33.65
14 17 3 06.44.22 06.44.97 06.48.47 06.44.97 06.48.47
14 18 3 07.09.24 07.11.58 07.14.37 cin 11 COU/.11.58 07.14.37
14 21 4 08.24.88 08.27.08 08.30.05 HQ T7 MO no on ACUo.3U.U5
14 22 2 08.50.30 08.51.42 08.55.34 HQ CI /IT Uo.5d.J4
14 23 2 09.15.34 09.17.61 09.20.30 HQ 1 7UV.i/.Oi no on onuy.zu.ju
14 24 2 09.40.37 09.40.58 09.44.85 no An no ccUy.44.o5
14 27 2 10.55.45 10.56.01 10.59.78 10.56.01 10.59.78
14 28 1 11.20.95 11.23.66 11.26.47 11.23.66 n.26A7
15 5 3 01.40.13 01.41.05 01.41.45 ni AD 09 01 Af, 0(\
15 6 4 02.05.16 02.06.48 02.11.09 no C\(^ 4.8 09 11 OQUZ. 1 1 .1(7
15 10 2 03.45.74 03.48.23 03.50.56 04. 01 H 04. 04 18Ut.Ut .OO
15 13 3 05.01.29 05.01.79 05.06.67 01 7Q OR Ofy kl
15 17 1 06.41.88 06.44.96 07.06.90 0^^ XX Qfi 07 OA QO
15 . 18 3 07.06.90 07.10.18 07.13.02 07 10 ^9 07 97 iiO
16 5 3 01.40.59 01.42.83 01.50.14 01.42.83 01.50.14
16 6 3 02.06.09 02.08.06 02.15.30 02.08.06 02.15.30
16 9 2 03.22.12 03.23.67 03.31.24 03.34.18 03.42.19
16 10 3 03.47.15 03.47.89 03.52.03 03.52.30 03.59.87
16 13 2 05.03.18 05.05.16 05.16.87 05.05.16 05.16.87
16 14 3 05.28.20 05.29.61 05.33.78 05.42.89 05.47.93
16 17 2 06.43.76 06.46.25 06.49.62 06.46.25 06.49.62
16 18 3 07.09.26 07.11.14 07.16.18 07.11.14 07.16.18
16 21 2 08.24.81 08.29.78 08.32.08 08.29.78 08.32.08
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Table 25. Looking Data from Infants Seventeen through Twenty. Time is
given m mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
BABY TRIAL # START
# # LOOKS TRIAL
17
17
17
17
18
18
18
18
18
18
19
19
19
19
19
19
5
6
13
29
6
9
10
13
16
19
5
6
12
16
19
20
01.40.59
02.05.86
05.03.42
11.49.05
02.06.08
03.21.16
03.46.66
05.02.22
06.17.30
07.32.86
01.41.52
02.06.55
04.37.68
06.43.77
07.59.80
08.25.30
FIRST
LOOK TIME
01.43.38
02.06.48
05.07.19
11.51.39
01.43.38
02.06.48
05.07.19
11.51.39
06.20.05
07.34.92
01.43.71
02.10.03
04.39.35
06.59.38
08.00.91
08.27.11
LOOK
AWAY
TIME
01.46.68
02.13.92
05.12.03
12.03.25
01.46.68
02.13.92
05.12.03
12.03.25
06.22.51
07.37.26
01.48.35
02.14.09
04.42.49
07.01.38
08.03.78
08.31.08
LONGEST
LOOK TIME
01.43.38
02.06.48
05.07.19
11.51.39
01.43.38
03.38.38
04.02.41
11.51.39
06.20.05
07.47.94
01.43.71
02.10.03
04.44.96
06.59.38
08.00.91
08.27.11
LONGEST
LOOK
AWAY
_TIME_
01.46.68
02.13.92
05.12.03
12.03.25
01.46.68
03.44.29
04.05.78
12.03.25
06.22.51
07.50.44
01.48.35
02.14.09
04.49.23
07.01.38
08.03.78
08.31.08
20
20
20
20
5
6
9
10
01.41.53
02.06.55
03.22.58
03.48.08
01.43.19
02.09.04
03.24.83
03.51.55
01.48.96
02.11.64
03.27.39
03.54.01
01.43.19
02.09.04
03.24.83
03.51.55
01.48.96
02.11.64
03.27.39
03.54.01
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Table 26. Look Latency Data from Infants One through Five. Time is givenm minutes, seconds, and milliseconds (99.99.99 indicates missing data)
BABY
#
TRIAL
# LOOKS
LA 1 t,i\ L. Y rROM
c;T ART
FIRST LOOK LONGEST LOOK
LENGTH LENGTH
6 2 on fi'^ ni; 00.05.24
~~
"™00.05"24
7 1 00.14.45 00.05.87 00.05.87
11 1 00.02.78 00.01.04 00.01.04
12 3 no 09 "Xf^ 00.03.51 00.03.51
15 2 on 01 77 00.03.17 00.03.17
18 4 00.04.17 00.04.17
21 3 00 01 "^7 00.06.08 00.06.08
22 3 00 01 '^0 00.03.53 00.03.53
3 3 00 02 1
S
00.00.14 00.10.17
4 3 00.02.70 00.07.84 00.07.84
7 3 00.02.19 00.08.97 00.08.97
8 4 00 02 62 00.02.54 00.05.47
11 3 00 02 62 00.03.80 00.03.80
12 2 00 0? 00.03.34 00.03.34
15 4 00 09 4.Q 00.02.77 00.03.60
16 2 (in n? 00.02.91 00.02.91
6 4 00 09 "il 00.03.51 00.03.51
7 3 00.03.00 00.01.33 00.01.33
12 3 00.02.23 00.03.44 00.05.30
13 3 00 09 44\J\J »\Ji- .11 00.03.60 00.03.60
16 4 00 09 00.03.07 00.04.81
17 4 00 03 26\J\J ,\J\^ 00.02.40 00 03 74
21 3 00 02 1
2
\J\J .\J£-, i £^ 00.02.50 00.04.90
23 1 00.01.80 00.02.77 00.02.77
5 4 00 03 15 00.02.40 00.02.67
3 00 03 05 00.03.03 00.05.41
9 2 00 01 70 00.06.10 00.06.10
10 4 00 02 32\j\J*\J^ t\JL^ 00.00.53 00.05.33
00 03 15\J\j »\j<^ » \.\J 00.03.25 00.17.94
5 1 00.03.37 00.04.37 00.04.37
AD 9 00 09 51 00.05.87 00.05.87
9 2 00.02.22 00.07.44 00.07.44
10 2 00.04.38 00.07.57 00.07.57
13 2 00.02.61 00.03.73 00.03.73
16 1 00.01.85 00.17.39 00.17.39
17 1 00.04.13 00.15.65 00.15.65
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Table 27. Look Latency Data from Infants Six through Ten. Time is given in
mmutes, seconds, and milliseconds (99.99.99 indicates missing data).
CADY IKIAL # LATENCY FROM FIRST LOOK LONGEST LOOK
i !__i:£2^ START LENGTH
6 5 4 00.02.18 00.02.41 00.05.88
6 6 3 00.02.85 00.03.00 00.09.41
6 9 2 00.01.98 00.01.74 00.06.27
6 10 2 00 0'^ 7"^ nn OA 17 f\rk A/"U0.U6.37
6 13 1 00.02.66 00.17.22 00.17.22
6 14 4 00.10.44 00.02.07 00.03.67
6 17 4 00.00.97 00.00.40 00.04.67
7 5 2 00.03.01 00.04.41 00.04.41
7 6 3 00.01.39 00.07.84 00.07.84
7 9 3 00.02.53 no 0'^ 91 nn m ti
7 13 2 00.02.76 00.09.51 00.09.51
8 6 4 00.06.29 00.01.17 00.03.07
8 9 4 00.01.19 00.04.44 00.04.44
8 10 4 00.06.66 00.01.04 00.07.64
8 13 4 00.00.34 00.05.74 00.05.74
8 14 2 00.10.15 00.00.66 00.06.57
8 17 3 00.01.12 00 02 67 on 07 94\J\J,\J/ .z.rt
9 5 1 00.01.60 00.11.75 00.11.75
9 6 2 00.03.45 00.06.68 00.08.87
9 9 2 00.02.26 00.06.71 00.06.71
9 10 2 00.02.68 00.03.70 00.03.70
9 14 3 00.01.12 00.04.81 00.04.81
9 15 3 00.02.13 00.08.87 00.08.87
9 18 2 00.01.31 00.03.77 00.03.77
10 2 00 00 39 00.00.53 00.10.41
10 7 2 00.01.00 00.04.62 00.09.45
10 10 4 00.03.40 00.02.60 00.04.84
10 11 4 00.02.36 00.01.60 00.01.77
10 14 4 00.01.02 00.03.57 00.03.57
10 15 3 00.01.71 00.02.84 00.02.84
10 18 1 00.16.38 00.03.40 00.03.40
10 19 3 00.01.44 00.02.60 00.02.60
74
Table 28. Look Latency Data from Infants Eleven through Fourteen. Time is
given in minutes, seconds, and milliseconds (99.99.99 indicates missing data).
R A RVD/\D I
ft
TT?T A T
1 KlAL
itn
# LATENCY FROM
START
FIRST LOOK
LENGTH
LONGEST LOOK
LENGTH
11 D A4 00.02.97 00.04.10 00.04.41
11J. X u 0o 00.01.92 00.07.20 00.07.20
11 9 3 00.02.90 00.03.80 00.03.80
11 10 4 00.03.47 00.02.00 00.02.54
11X X 1^ 4.rr nn m ^70 00.02.90 00.04.10
11X X 14.xtc At UU.Uz.4/ 00.04.44 00.04.44
11X X 17X/ a>5 nn m /i n 00.06.88 00.06.88
11X X 94. 0o nn nn cnUU.UU.5y r\r\ r\c\ ^ m00.08.34 00.08.34
11X X 9R At nn no noUU.UZ.UJ 00.03.30 00.03.30
12 5 2 00.07.40 00.01.37 00.02.57
19 o o nn no 1
0
UU.Ui.lV r\f\ c\f\ f\w^00.02.27 00.05.87
19 11 A4 nn noUU.Uz./O C\f\ f\ A rrrr00.04.77 00.09.24
19 14. nn no onUU.UZ.oU r\r\ c\f\ ^ f\00.02.50 00.05.60
19 1R
<7
nn no 0^
uu.uz.yb f\C\ f\A /' -100.04.61 00.04.61
19 90 O nn n/i QQUU.U4.oo C\C\ (W A C\00.01.40 00.02.17
1
1
c O nn m ccUU.UvD.ob nn MO r\i00.08.01 f\r\ r\Ci /^i00.08.01
13 6 4 00.02.66 00.03.50 00.03.50
13 9 4 00.02.36 00.02.87 00.02.87
lU nn nn ocuu.uu.yo f\f\ no A ^00.03.47 r\c\ r\A c\r\00.04.90
1
1
lo oo nn noUU.UZ.OD nn no 01UU.UJ.31 nn f\c noUU.U6.08
14 nn no niUU.UZ.Uo nn no ctUU.U3.5/ nn no onUU.U3.oU
171/ 4 nn m ooUU.UZ.ZZ nn noUU.U3.dV nn m ^ioUU.U3.Dy
1 ftlo nn m nnUU.UZ.UU nn n/i n7UU.U4.U/ nn n/t n7
1 /I co 4 nn n7 qouu.u/.vz nn m nUU.UZ.oJ nn nn 44UU.UU.'t4
14 0 nn n"! oaUU.Uo.Zd nn ni 37UU.Uo.O/ nn ni^ 77UU.Uo.//
14 9 4 nn no oqUU.UZ.Zo nn n/1 T3UU.U4.Z3 nn n/1 01UU.U4.Z3
14 lU 4 nn nn aoUU.UU.oo nn nR 71UU.Uo./
1
nn ni^ 71uu.Uj./ 1
-i A14
•1 o13 3 nn ni 01UU.Ui.Zl nn m c;7UU.U3.i)/ nn m 1^7UU.Uo.D/
14 14 3 nn no 01UU.UZ.Zl nn no 0/1UU.U3.Z4 nn niUU.Uo.Z4
14
1 FT17 3 nn nn tc0U.UU./5 nn no cnUU.U3.jU nn m i^nUU.Uo.DU
14 o nn no 0 j. on 09 7Q nn n9 79
14 21 4 00.02.20 00.02.97 00.02.97
14 22 2 00.01.12 00.03.92 00.03.92
14 23 2 00.02.27 00.02.69 00.02.69
14 24 2 00.00.21 00.04.27 00.04.27
14 17 2 00.00.56 00.03.77 00.03.77
14 28 1 00.02.71 00.02.81 00.02.81
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Table 29. Look Latency Data from Infants Fifteen through Twenty Time isgiven in minutes, seconds, and milliseconds (99.99.99 indicates missing data).
BABY
#
TRIAL
if
# LATENCY FROM
START
FIRST LOOK
LENGTH
LONGEST LOOK
LENGTH
15 5 3 00.00.92 00.00.40 00 04. 94.
15 6 4 00.01.32 00.04.61 00 04 (\^
15 10 2 00.02.49 00.02.33 00 0'^ 04\J\J »\J\J ,\J'^
15 13 3 00.00.50 00.04.88 00 04 88
15 17 1 00.03.08 00.21.94 00.21.94
15 18 3 00.03.28 00.02.84 00.07.98
16 5 3 00.02.24 00.07.31 00.07.31
16 6 3 00.01.97 00.07.24 00.07.24
ID Q jL AA Al r" ^00.01.55 00.07.57 00.08.01
16 10 3 00.00.74 00.04.14 00.07.57
16 13 2 00.01.98 00.11.71 00.11.71
16 14 3 00.01.41 00.04.17 00.05.04
16 17 2 00.02.49 00.03.37 00.03.37
lO io UU.U1.88 00.05.04 00.05.04
16 21 2 00.04.97 00.02.30 00.02.30
17 5 3 00.02.79 00.03.30 00.03.30
17 6 3 00.00.62 00.07.44 00.07.44
17 13 3 00.03.77 00.04.84 00.04.84
17 29 2 00.02.34 00.11.86 00.11.86
18 6 2 00.01.14 00.03.30 00.03.30
18 9 3 00.02.91 00.07.44 00.05.91
18 10 3 00.02.03 00.04.84 00.03.37
18 13 2 00.02.32 00.11.86 00.11.86
18 16 3 00.02.75 00.02.46 00.02.46
18 19 3 00.02.06 00.02.34 00.02.50
19 5 4 00.02.19 00.04.64 00.04.64
19 6 3 00.03.48 00.04.06 00.04.06
19 12 2 00.01.67 00.03.14 00.04.27
19 16 1 00.15.61 00.02.00 00.02.00
19 19 4 00.01.11 00.02.87 00.02.87
19 20 3 00.01.81 00.03.97 00.03.97
20 5 2 00.01.66 00.05.77 00.05.77
20 6 3 00.02.49 00.02.60 00.02.60
20 9 3 00.02.25 00.02.56 00.02.56
20 10 3 00.03.47 00.02.46 00.02.46
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APPENDIX D
PAIRED T-TEST TABLES
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Mean Difference 168 28
SD Difference
-y^
df 18
Probability 0.001
V.*.V^.*A*.Vi*.V^.'^^AVA'."^AV^p'»'.*.V.*/^/i/^,"
* = significant
Table 31. First Look Length vs. Third Look Length During the Looking Trials.
Source Result
Mean Difference 129.23
SD Difference 136.93
T 4.11
df 18
Probability 0.001*
* = significant
Table 32. Second Look Length vs. Third Look Length During the Looking
Trials.
Source Result
Mean Difference -39.06
SD Difference 143.71
T -1.19
df 18
Probability 0.252
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Table 33. Look Lengths from Initial Three Looking Trials vs. Look Lengthsfrom Fmal Three Looking Trials. ^
Mean Difference
-55 04
SD Difference 243 71
T 0.72
^ 15
Probability 0.484
Table 34. Number of Orientations During the Reaching Trials vs. Number
Orientations During the Looking Trials.
Source Result
Mean Difference
-1.46
SD Difference 0.494
T
-13.233
df 19
Probability 0.001*
= significant
Table 35. Mean Look Length During Reaching Trials vs. Mean First Look
Length During Looking Trials.
Source Result
Mean Difference 441.82
SD Difference 239.98
T 8.23
df 19
Probability
^-^^^L^
* ^ significant
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Table 36. Mean Look Length During Reaching Trials vs. Mean Look Length
of Longest Look During Looking Trials.
Source Result'
Mean Difference 338.20
SD Difference 235 97
T 6.41
df
;19
Probability 0.001*
= significant
Table 37. Look Lengths of First Three Looks of Reaching Trials vs. Last Three
Looks of Reaching Trials.
^^ource
J?,?£}il*
Mean Difference "" 143.60
SD Difference 336.41
T 1.91
df 19
Probability 0.071
marginally significant
**
Table 38. Look Latency from Trial Start for Training Reaching Trials vs.
Testing Reaching Trials.
Source Result
Mean Difference 71.32
SD Difference 78.7
T 4.05
df 19
Probability 0.001*
= significant
80
Table 39. Reach Initiation Latencies from Trial Start for Training Reaching
Trials vs. Testing Reaching Trials. ^
.?.°.H5.^ Result
Mean Difference 76 82
SD Difference 209.59
T 1.64
df 19
Probability 0 118
Table 40. Initiation Latencies from Orientation for Training Reaching Trials
vs. Testing Reaching Trials.
Source Result
Mean Difference
-5.73
SD Difference 143.18
T
-0.179
df 19
Probability 0.86
Table 41. Movement Time Between Initiation and Contact During Training
Reaching Trials vs. Testing Reaching Trials.
Source Result
Mean Difference -9.84
SD Difference 45.93
T -0.958
df 19
Probability 0.35
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Table 42. Overall Look Length for Training Reaching Trials vs. Testing
Reaching Trials. °
Source Result
Mean Difference 160.55
SD Difference 307.12
T 2.34
df 19
Probability 0.03*
significant
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APPENDIX E
ANALYSIS OF VARIANCE TABLES
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THalVtarf
Variance for Looking and Reaching Data Aligned for
Source df MS F
Mean 1i 41573.79 3.25
Error 17 12773.79
Trial Taadp 1 -I /T C /I "7 TOiDD4/.29 1.51
Error 17 10987.11
Trial 9z. iobyo.Ui 1.86 0.1742
Error 34 7360.72 0.9317
TvDP X Trial 0 /ZO.OD 0.07 0.9083
Error 34 9675.40 0.8825
Tim p 19 ODD/.7Z /I 1 14.11 0.0102
Error 204 892.43 0.2572
Tvnp Timp 1
9
81 R1OiO.Ol 0.2574
Cjirur 0.3824
Trial X Time 24 538.06 0.94 0.4730
Error 408 572.62 0.2630
Type X Trial X 24 914.33 1.7 0.1197
Time
Error 408 538.02 0.2779
significant
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Table 44. Analysis of Variance for Looking and Reaching Data Aligned for
ouurce at Ms P tJii^^^u c^u*
Mean 1 14848.48 1.13
hrror 17 13100.00
Trial Type 1 26586.20 5.39
hrror 17 4933.97
Trial 2 1291.16 0.33 0.7246
Error 34 3969.68 1.0000
Type X Trial 2 3972.81 0.87 0.4281
Error 34 4570.05 0.9967
Time 10 4572.19 5.63 0.0028*
Error 170 812.33 0.2779
Type X Time 10 1130.64 2.39 0.0556**
Error 170 473.31 0.4230
Trial X Time 20 314.59 1.01 0.4336
Error 340 311.44 0.4357
Type X Trial X 20 289.76 0.81 0.6074
Time
Error 340 356.31 0.4611
* = significant
**
= marginal
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Table 45. Analysis of Variance for Reach Onset Data During Training Trials.
Source df MS
Mean 1J. 9'^1 111 U.IU
Error 17 22904.32
Trial 1X U.43
Error 17 5534.34
Time 12 4327.78 5.53 0.0000*
Error 204 783.25 0.5411
Trial X Time 12 624.00 0.73 0.6030
Error 204 856.02 0.4146
significant
Table 46. Analysis of Variance for Reach Onset Data During Test Trials.
SourciT"'"""^
Mean 1
Error 17
Trial 2
Error 34
Time 12
Error 204
Trial X Time 24
Error 408
38815.39
10327.60
3054.27
5015.36
2632.05
808.97
384.37
437.61
3.76
0.61
3.25
0.88
0.5258
0.8543
0.028*
0.2554
0.5282
0.3002
significant
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